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1 GENERAL INTRODUCTION 
The major histocompatibility complex (MHC), first discovered 
in mice 54 years ago, is a discrete chromosomal region 
encoding a variety of proteins that mediate immune cell-cell 
interaction and trigger rejection of foreign tissue 
transplants (Klein, 1986). There are three distinctive 
subsets of MHC antigens, the MHC class I antigens, the MHC 
class II antigens, and the MHC class III antigens. The MHC 
class I antigens are present on virtually all cells of a 
vertebrate organism and play an important role in T-cell 
surveillance for virally infected cells and cancer cells. The 
MHC class II antigens have limited tissue distribution and 
regulate a number of the cellular interactions involved in 
immune responses. The MHC class III antigens are all soluble 
and are a heterogeneous group which are directly or indirectly 
related to immune system function. 
A considerable amount of knowledge about the structure and 
function of the genes end protein products of the MHC in mouse 
and human has been obtained, but relatively little is known 
about the MHC of other species. Elucidation of the structure 
and function relationship of the MHC of other species will 
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help us understand not only the importance of the MHC in that 
species but also the evolution of the MHC. The MHC of the 
pig, the SLA complex (the swine lymphocyte antigen), the MHC 
of the cow, the BoLA complex (bovine lymphocyte antigen), the 
MHC of the horse, the ELA complex (equine lymphocyte antigen), 
and the MHC of the chicken, the B complex, are associated with 
immune response, reproductive traits, disease resistance and 
other biological processes, some of which are of economic 
importance (Warner et al., 1988). 
1.1 The Major Histocompatibility Complex 
The Major Histocompatibility Complex (MHC) was first 
discovered in the mouse by Peter Gorer in 1936. He used a 
rabbit anti-mouse serum to demonstrate the presence of an 
antigen, designated antigen-II by Gorer, on strain A 
erythrocytes. He showed that incompatibility in antigen II 
resulted in tissue graft rejection in mice (Gorer, 1936a, b; 
1937; 1938). Later studies by Gorer and George Snell showed 
that the genes coding for alloantigens responsible for graft 
rejection were dominantly expressed on linkage group IX of the 
mouse genome, now known as chromosome 17 (Gorer et al., 1948). 
Gorer and Snell named this gene the histocompatibility-2 or H-
2 locus since they thought this was a single gene. Later it 
was shown to be a family of genes and was renamed the H-2 
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complex. 
The current knowledge of the MHC was largely acquired by 
studying the mouse and the human. The H-2 complex resides on 
mouse chromosome 17 spanning about 2600 kb, and the HLA 
complex, resides on human chromosome 6 spanning 4000 kb. The 
complete set of the MHC genes from an inbred strain is 
referred to as the haplotype. The three classes of MHC 
antigens are coded by three sets of genes designated class I, 
class II, and class III. The organization of the H-2 complex 
and the HLA complex is shown in Figure 1.1. 
For the mouse, class I genes are found in four regions: K 
and D loci, encoding transplantation antigens, and Qa and Tla 
loci, encoding the hematopoietic differentiation antigens. 
Class II genes are in the I region and encode the antigens 
known as the la or immune response-associated antigens. Class 
III genes are in the S region and encode several serum 
proteins such as C4, Bf, C2, and Sip involved in the 
complement system, 21-hydroxylase, and tumor necrosis factor 
(Hood et al., 1983 and Chaplin et al., 1983). The detailed 
genetic map of the H-2 complex (H-2'' haplotype) is shown in 
Figure 1.2. 
For humans, the class I genes are in the A, B, and C loci. 
The class II genes are located in eight subregions, SX, DP, 
DZ, DO, DX, DV, DQ, and DR, with only three known protein 
products which are encoded in DP, DQ, and DR. For class II, 
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there are totally six a genes, eight complete p genes, and two 
p gene fragments (Dausset, 1981, Hardy et al., 1986 and Kappes 
and Strominger, 1988). It has been predicted that the 
structure of the class II proteins is similar to that of the 
class I proteins based on DNA sequence comparison (Gorga et 
al., 1989). Class III genes in humans are in the following 
regions: C2, Bf, C4A and C4B (Carroll al., 1984a and 1984b). 
The detailed genetic map of the HLA complex is shown in Figure 
1.3. 
The MHC class I and Class II proteins are membrane bound 
glycoproteins. The class I and the class II antigens both 
belong to the immunoglobulin supergene family, of which the 
members all have similar domain structures. The general 
structures of the MHC class I and class II proteins are shown 
in Figure 1.4. The MHC class III genes encode several 
complement components, 21-hydroxylase, tumor necrosis factor, 
and a heat shock protein. 
1.1.1 The MHC class I genes and proteins 
The MHC Class I antigens are a family of proteins of similar 
structure found in varying amounts on almost all cells of a 
vertebrate organism. These antigens consist of two chains, a 
polymorphic heavy chain (a) encoded in the MHC, and a light 
chain, microglobulin {p^ ), encoded elsewhere (Figure 1.4). 
In general, the heavy chains are transmembrane glycoproteins 
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with molecular weights of about 44,000 kd with the exception 
of a group of glyproteins with M.W. of about 40,000 kd which 
are either secreted or anchored to the membrane by a 
phosphotidylinositol linkage rather than a transmembrane 
linkage (Ferguson and Williams, 1988 and Low, 1989). The 
is a protein with a molecular weight of about 12,000 kd 
noncovalently associated with the heavy chain. The genes 
encoding the class I antigens are in the K, D, Qa and Tla 
regions. 
In the human, these genes are in the B, C, and A regions. 
Bjorkman et al. (1987) first revealed the three dimensional 
structure of a class I antigen (HLA-A2) by using X-ray 
crystallographic analysis (Bjorkman et al., 1987a). The a3 
domain of this human class I antigen was associated with the 
P2 microglobulin next to the membrane. The al and a2 
domains, known to be the most polymorphic in the class I 
molecule (Klein, 1986), form a platform of eight antiparallel 
-^pleated sheets topped by a helices. A large groove between 
the a helices is approximately 25 angstroms long and 10 
angstroms wide. Studies by Bjorkman et al. (1987b) have found 
that the most polymorphic amino acid regions in the al and a2 
domains lie along the inside of the groove and form the inner 
wall of the groove. Therefore, this groove is most likely a 
binding site for the foreign antigen that is recognized by 
Figure 1.1. The MHC genes and their exon-intron organization. 
Maps of the mouse MHC and the human MHC genes are 
illustrated in the top part of the figure. They 
are divided into distinct regions. Each region 
produces polypeptides of a certain class. 
Regions coding for class I, class II, and class 
III polypeptides are indicated (modified from 
Roitt et al., 1989). The exon-intron organization 
of class I and class II genes is shown in the 
bottom part of the figure (modified from 
Nisonoff, 1985). Exons (black boxes) are 
separated by introns. 
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Figure 1.2. Genetic map of the H-2 complex. Genetic 
distances are indicated in centimorgans (cM) and 
kilobases (kb) (modified from Stephan et al., 
1986 and Muller et al., 1987) . The map shown is 
for the H-2'^  haplotype. 
THEH-Z COMPLEX 
REGIONS _J [] 111 ! [ 
SUBREGIONS K VA s d Qo l\a 
GENES Yff 
Ea C4 21-OHA p T1-3.5-10 
R.F.(cM)( 0.02 )(0.1X 0.11 X 0.26 )( 0.05 )( 1.5 ) 
SCALE TOTAL -3000 kb 
Figure 1.3. Genetic map of the HLA complex. Genetic 
distances are indicated in centimorgans (cM) and 
kilobases (kb). (modified from Auffray and 
Strominger, 1986, Hardy et al., 1986, Spies et 
al., 1986, and Mol1er, 1985). 
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REGIONS II III 
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Figure 1.4. Structures of MHC class I and class II proteins. 
Class I (such as HLA-A, HLA-B) and class 
II (such as HLA-DR) antigens are members of the 
Ig supergene family. Their polypeptide chains 
folded into domains related to the domain first 
identified in antibody. A class I antigen 
(upper) consists of three domains (termed al, a2, 
and a3). The a3 domain is closely associated 
with the non MHC-encoded peptide, /g^ m. A class 
II antigen (lower) consists of two non-identical 
peptides (a and p) non-covalently bound, which 
traverse the plasma membrane towards the C 
terminus. Intrachain disulfide bonds and the 
unit for carbohydrate (CHO) attachment are 
indicated. (modified from Hood et al., 1983 and 












cytotoxic T lymphocytes. The structure of another HLA class I 
protein, HLA-Aw68, has also been revealed. It has features 
similar to those of the HLA-A2 (Garrett et al., 1990). 
1.1.2 The MHC class II genes and proteins 
The MHC Class II antigens, also called la antigens in the 
mouse, are a family of glycoproteins with more limited tissue 
distribution than the class I MHC proteins. The class II 
proteins are mainly found on B cells, macrophages, and 
epithelial cells, but may also be found on activated T cells 
depending on the species. The class II proteins are afi 
heterodimers, in which the a chain with a molecular weight of 
about 34,000 is larger than the p chain with a molecular 
weight of about 29,000. The q chain is larger than the p 
chain because the a chain has two N-linked glycans whereas the 
p chain has only one (Figure 1.4). Each of the chains of the 
class II antigens is encoded in the MHC. Both the a and p 
chains of class II antigens are transmembrane proteins with 
two extracellular domains, a transmembrane piece, and a 
cytoplasmic tail. An invariant chain, described in several 
species, seems to be involved in intracellular transport of 
class II molecules, but is not expressed on the cell surface 
and is not encoded in the MHC. Nucleotide sequence comparison 
revealed that class II and class I genes have many conserved 
structures and may have similar 3-D confroroation as well 
(Brown et al., 1988). 
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1.1.3 The MHC class III genes and proteins 
The class III region of the MHC is different from the class 
I and class II regions because all the protein products are 
soluble, rather than membrane bound. The class III gene 
products already identified are the complement components C2, 
C4, and Bf (Carroll et al., 1984a and 1984b), the enzyme 21-
hydroxylase (Carroll et al., 1985), the cytokine tumor 
necrosis factor (Spies et al., 1986, and Carroll et al., 
1987), and a heat shock protein HSP70 (Sargent et al., 1989). 
The genes for several unidentified proteins have been 
discovered (Spies et al., 1989 and Levi-Strauss et al., 1988). 
The C2 and Bf proteins are monomers with molecular weights of 
90-100 kd. The C4 molecule has three peptide chains, one a of 
95 kd, one p of 75 kd, and one 7 of 30 kd. The known class 
III proteins from mouse and man are heterogeneous in terms of 
structure and function (Whitehead et al., 1985 and Spies et 
al., 1989). The structures of the C2, Bf, and C4 are shown in 
Figure 1.5. 
1.2 The MHC Of the Chicken 
In contrast to the knowledge of the genetic organization of 
the MHC in mouse and human, little is known about the 
! 
Figure 1.5. The structures of MHC class III proteins. The 
protein structures of the C2, Bf, and C4 
molecules (modified from Moller, 1985). The 
structure of C2 (A), Bf (B), and C4 (C) are 
illustrated. Disulfide bonds, NHg ends, and COOH 
ends are indicated. 
I 
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A C2 1 — 'COOH 
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C C4 a NHgt—I 1 1 1 COOH 
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s" 
P NH2' 1— —I COOH 
Y NH2I ' 1 COOH 
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number and arrangement of loci in the MHC of the chicken. The 
study of the chicken MHC is of general interest because 
information about phylogenetically distant species may give us 
insight into the function and evolution of this supergene 
family. 
The chicken MHC was originally described by Briles et al. as 
a blood group locus and was named the B locus, a locus which 
determined erythrocyte antigens (Briles et al,, 1950). After 
10 years, Schierman and Nordskog found that the B locus was 
also linked to the major locus for skin graft rejection 
(Schierman and Nordskog, 1961). Later studies showed 
additional evidence that the B locus of the chicken had MHC 
effects comparable to the H-2 complex and the HLA complex 
(Jaffe and McDermid, 1962 and Miggiano et al., 1974). 
The chicken MHC, the B complex, has three classes of genes, 
B-F, B-L, and B-G, but these are somewhat different from the 
genes in mammals (Pazderka et al., 1975, Pink et al., 1977, 
Longenecker and Mosmann, 1981 and Crone and Simonsen, 1987). 
The B-F region codes for class I antigens, B-L codes for class 
11 antigens (Guillemot et al., 1986 and 1988), but B-G, which 
is unique to chickens, encodes differentiation antigens 
restricted to the erythroid lineage. The B-G antigens are 
designated as class IV antigens (Goto et al., 1988). It is 
uncertain whether class III genes are linked to the MHC in 
chickens. The functions of the chicken MHC are similar to 
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those of mammals, including skin graft rejection, GVH 
reaction, MLR, cell-cell recognition, and resistance to 
certain diseases (Crone et al., 1987). Nomenclature for the B 
complex was established at a workshop on the chicken MHC in 
Innsbruck in 1981 (Briles et al., 1982). This internationally 
accepted nomenclature is essentially based on the numerical 
system originally defined by Briles et al. (1957). The 
genetic map of the B complex is shown in Figure 1.6. 
1.3 The MHC of the Swine 
The swine MHC, the SLA complex, was first described by 
Vaiman and Viza in 1970 (Vaiman et al., 1970 and Viza et al., 
1970). The SLA complex has been located on swine chromosome 7 
by in situ hybridization (Geffrotin et al., 1984 and Rabin et 
al., 1985). Gene organization and functional similarities 
have been found between the SLA complex and other mammalian 
MHC complexes. The class I genes are located in three loci, 
B, C, and A. The class II genes are in the D region (Lunny et 
al., 1986, Pratt et al., 1990, Hirsch et al., 1990, Gustafsson 
et al., unpublished). The class III [C2-Bf-C4] genes are 
closely associated with class II genes in miniature swine (Lie 
et al., 1987). It has been hypothesized by Lie et al. that 
the class III genes in the SLA complex are located 
Figure 1.6. Genetic map of the B complex. The presence of 
class I, II, and IV is illustrated, but the order 
of the genes is unknown. The number of genes in 
each region is also unknown. The genetic 













-1000 kb ) 
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between the class I and class II genes as in the H-2 and HLA 
complexes. Recently, the 21-hydroxylase gene has been mapped 
to the class III region of the SLA complex (Geffrotin et al., 
1989). The genetic map of the SLA complex is shown in Figure 
1.7. 
Figure 1.7. Genetic map of the SLA complex. Genetic 
distances are indicated in centimorgans (cM) and 
kilobases (kb) (modified from Chardon et al., 
1988, Warner and Rothschild, 1990). Question 
marks are indicated for the unknown genes. The 
distance between the regions and their 
orientation are also unknown; this is indicated 
by the dots between the regions. 
REGIONS II 
SUBREGIONS PP? DQ 
GENES 
DP DQ 
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2 ISOLATION AMD CHARACTERIZATION OF 
CHICKEN HHC CLASS II GENOMIC CLONES 
2.1 Introduction 
The chicken major histocompatibility complex, the B complex, 
plays many important roles in the immune system as well as in 
biological and pathological processes. It is known that the B 
complex has an influence on disease resistance and 
reproduction (Bacon, 1987), and on tumor regression and 
immunity (Schierman and Collins, 1987). Molecular analysis of 
the B complex genes and gene products will help us understand 
their functions, so that the alleles of most advantageous 
biological activity can be genetically engineered into the 
chicken germplasm (Lamont et al., 1987). 
Class II alloantigens in chickens were first reported in 
1980 (Ewert et al., 1980). Later studies, using two-
dimensional gel electrophoresis, suggested the presence of 
more than one o and p chain in B-L (Crone et al., 1981, 
Guillemot et al., 1986). These observations must be 
considered to be preliminary since they might be explained by 
post-translation processing of a single MHC product, by 
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differences in the carbohydrate moieties, or by modifications 
of the sample during the experiment. However, when two cross-
reactive B-L-specific alloantisera were used to detect B-L Ag 
on chicken lymphocytes of the B® and B^ ® haplotypes, sequential 
antibody incubation showed two distinct populations of B-L Ag 
(Brogren and Bisati, 1980). Despite the absence of direct 
genetic evidence for more than one B-L locus in the chicken B 
complex, the detection of two different B-L Ag suggested the 
presence of at least two B-L loci within the MHC of the 
chicken. 
To gain more information about the structure of chicken MHC 
class II genes, a genomic library was constructed and screened 
with a class II p chain probe. Three positive clones were 
isolated, analyzed, and sequenced. 
2.2 Materials and Methods 
2.2.1 Chicken MHC class I probe 
The chicken MHC class I (B-F) probe, FIO, kindly provided by 
Dr. C. Auffray, was produced from a B^  ^chicken liver cDNA 
library screened with a 800 bp BamHI fragment from a B-L6 
(c/317) cosmid clone (Guillemot et al., 1988). The FIO probe 
was a 900 bp EcoRI fragment in the plasmid M13mpl8. After 
transforming the FIO into the competent E.coli JM109 
(Pritchard and Holland, 1985), pure FIO plasmid DNA was 
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isolated by CsCl-EtBr ultracentrifugation (Maniatis et al., 
1982). The pure insert DNA was then separated from the vector 
on a 1% agarose gel followed by electroelution and ethanol 
precipitation. About 200 ng of the probe was labeled to at 
least 4 X 10® cpm//ig DNA by random priming using an 
Oligolabeling Kit (Pharmacia LKB Biotechnology Inc., 
Piscataway, NJ). A diagram of the FIO probe is shown in 
Figure 2.1 (Guillemot et al., 1988). 
2.2.2 Chicken MHC class II probes 
The chicken MHC class II p chain probes were produced by 
screening a chicken (B haplotype unknown) AL47 genomic library 
(Ballivet et al., 1983) with a human HLA-DQ/9 cDNA probe 
(Larhammar et al., 1982) at low stringency. A diagram of the 
isolated clone is also shown in Figure 2.1. The whole clone 
(3.2 kb Hind III fragment) has been designated pl4. Digestion 
of pl4 with Pst I yielded two fragments, a 234 bp /32-specific 
probe (p234) and a 432 bp TM specific probe (p432). The 
complete sequences of p234 and p432 have been determined and 
were found to have 66% homology to the p2 exon and 62% to the 
TM exon of the human HLA-DQ p clone (Behar et al., 1988 and 
Bourlet et al., 1988). Each of the three probes (pl4, p234, 
p432) was purified from the plasmid vector (pUC 9) and 
labelled by nick-translation (Rigby et al., 1977) or random 
priming as described for the FIO probe to an average specific 
activity of 5 x 10® cpm//xg DNA. 
Figure 2.1. Chicken MHC probes. (A) chicken MHC class I 
probe: FIO is the B-F cDNA probe from the 
chicken. The dotted bars represent the 5' end 
untranslated region (5'UT), signal sequence (S), 
al, a2, «3, TM, CYT exons, and 3'UT region. (B) 
chicken MHC class II probes: p234, p432, 0NA2, 
ON39, and S3. pl4 is the B-Iv9 probe from the 
genomic clone of an unknown haplotype chicken. 
The dotted bars represent the exons pi, p2, TM, 
CYT, and 3'UT, while the solid line are the 
introns. Two probes derived from pl4 are shown, 
p234 and p432. From the B-L^ 8 cDNA clone of the 
b'^  chicken (the whole cDNA includes pi, P2, TM, 
CYT, and 3'UT represented by dotted bars), two 
oligonucleotide probes were designed, 0NA2 and 
ON39 which are indicated by arrows. From the 
B-LyS cDNA clone of the B® chicken, the whole cDNA 
was used as probe S3 which includes LP, pi, p2, 
TM, CYT, and 3' UT represented by dotted bars. 
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In addition, a /91-specific oligonucleotide probe (0NA2) and 
a 3'UT-specific oligonucleotide probe (ON39), designed from 
the DNA sequencing data of a cDNA clone, were used in these 
studies (Guillemot et al., 1988). Both of these probes are 
from a chicken of the b'^  haplotype. The sequences of 0NA2 and 
ON39 are as follows: 0NA2, 5•-TCCCCACGTCGCTGTCGTCGAAG-3•; 
ON39, 5'-CGTTGCAGATGTCGCCACGATGCA-3'. These two probes were 
labelled by incubating ICQ ng of the oligonucleotide probe 
with 5 nl lOx buffer (500 mM Tris.HCl, pH 7.6, 100 mM MgClg, 1 
mM spermidine and 1 mM EDTA), 5 fil DTT, 2 /il T4 polynucleotide 
kinase and 5 /xl k-^ ^PATP (3000 Ci/mmol, NEN, Boston, MA). The 
total reaction volume was adjusted to 50 nl with H^ O and 
incubated at 37°C for 1 hour. The reaction was stopped by the 
addition of 0.3 M NaCl, 2 vol. 100% ethanol, and 1 /il of 
carrier tRNA (1 mg/ml) to precipitate the DNA. After washing 
with 70% ethanol, the pellet was dried and resuspended in 100 
nl HgO. The specific activity was determined to be at least 4 
X 10® cpm//ig DNA. 
The S3 was a B-Lfi chain probe produced from a B® chicken 
spleen cDNA library screened with p234 (Sung, 1989). S3 was 
purified from AgtlO by isolating recombinant A DNA first with 
CsCl step gradient ultracentrifugation. Insert DNA was then 
recovered from A vector by EcoRI restriction enzyme digestion. 
Electrophoresis and electroelution was used as described 
earlier. The S3 probe was also labelled by random priming 
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method as the one used for other probes mentioned earlier. 
All the chicken MHC class II p chain probes are also 
shown in Figure 2.1. The chicken probes are also summarized 
in Table 2.1. 
Table 2.1. The chicken MHC probes 
Name p234 p432 0NA2 
Specificity B-Iv92 B-L,TM B-L,y91 
Chicken 
haplotype unknown unknown b'^  
Size (bp) 234 432 23 
Enzymes for 
recovering 
the probes PstI PstI 
References 1 11 
1, Guillemot et al., 1988. 
2, Sung, 1989. 
2.2.3 Probe amplification and purification 
The probe containing plasmid was used to transform competent 
E. coli. The competent cell preparation and transformation 
procedures used were as previously described (Dillon et al., 
1985). The positive colonies with the desired plasmid were 
harvested by the plasmid mini-prep method (Davis et al., 
1986). 
All the plasmid probes except the oligonucleotide probes 
were amplified in E. coli in LB medium (10 g Bacto-tryptone, 5 
g Bacto-yeast extract, and 10 g NaCl was used for 1 liter 
medium and the pH was adjusted to 7.4 with 6 N NaOH) with 
specific antibiotics. The plasmid DNA was then purified by 
ON39 S3 FIO 
B-L,3'UT B-L,CDNA B-F,cDNA 
b12 gS g12 





CsCl-EtBr ultracentrifugation (Maniatis et al., 1982). The 
inserts were separated from the vectors by restriction enzyme 
digestion and agarose gel electrophoresis. The bands 
containing the insert DNA were cut from the gel and recovered 
by electroelution and EtOH precipitation. After the insert 
DNA was resuspended in TE buffer, they were labelled by random 
priming. 
2.2.4 Animals 
The chicken used as the source of DNA for the genomic 
library was a sexually mature male of the inbred line G-B2 
(MHC haplotype B®), produced and maintained at the Iowa State 
University Poultry Science Research Center. The inbreeding 
coefficient in this line is approximately 99%. 
Chicken sperm DNA was isolated for genomic library 
construction. 
2.2.5 Isolation of clones from a genomic library 
After B® chicken sperm genomic DNA was examined by Southern 
blot analysis (Southern, 1977) with a chicken MHC class II 
chain probe (p234), the RFLP (restriction fragment length 
polymorphism) pattern was detected (Xu et al., 1989, Warner et 
al., 1989). The 3-4 bands probably represent at least three 
MHC class II genes in the chicken genome. A genomic library 
from B® chicken sperm genomic DNA was constructed in the EMBL-
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3 vector (Promega, Medison, WI) originally described by 
Frischauf et al., (1984), propagated in E. coli LE392, and 
then screened with p234. This procedure was performed by Dr. 
Loren Peterson in Dr. Carol Warner's lab (Xu et al., 1989). 
Three genomic clones which gave strong signals were then 
harvested and designated as chicken MHC class II clone 2 
(CCII-2), chicken MHC class II clone 4 (CCII-4) and chicken 
MHC class II clone 7 (CCII-7). The phage DNA from the three 
genomic clones was isolated as follows: 9 x 10^  LE392 grown in 
LB and 0.2% maltose at 37°C overnight was diluted in 10 mM 
MgSO^  first and then mixed with 50 fil A phage containing 
packaged EMBL-3 with chicken MHC class II inserts (2.5 x 10® 
PFU). The mixture was added to 9 ml top agar and plated on a 
150 X 15 mm Petri-dish. After at least 6 hours incubation at 
37°C, the individual plaques formed one big plaque and the 
dishes were transferred to 4°C overnight in 10 ml SM buffer 
(5.8 g NaCl, 2 g MgS0^ .7H20, 50 ml IM Tris.HCl, pH 7.5 and 2% 
gelatin for 1 liter buffer) and 100 ftl chloroform. The lysate 
was collected and the phage DNA was purified by CsCl gradient 
and equilibrium ultracentrifugation (Maniatis et al., 1982). 
2.2.6 Restriction mapping 
Among 10® plaques from the sperm library, the three phage 
clones, chicken class II clone 2 (CCII-2), chicken class II 
clone 4 (CCII-4), and chicken class II clone 7 (CCII-7), which 
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hybridized to the probes and gave the strongest signals, were 
purified by standard methods (Maniatis et al., 1982). 
Restriction maps were constructed using seven enzymes: EcoRI, 
BamHI, Sail, Hindlll, Kpnl, Nrul, and PstI (Bethesda Research 
Labs, Gaitherburg, MD). The digested DNA fragments were 
precipitated in 2.5 volumes of 95% ethanol, 0.3 M NaAC, and 10 
mg/ml carrier yeast tRNA, at -70°C for 30 minutes. The pellet 
was then washed with 70% ethanol, dried under vacuum, and 
dissolved in TE buffer containing 10 mM Tris.HCl (pH 8.0) and 
1 mM EDTA (pH 8.0). The molecular weight markers, A DNA 
digested with Hindlll, BstEII, Sail, Bglll, and Xhol, were 
treated under the same conditions. The fragments were then 
separated on 0.5% at 4°C, 0.8% and 1.2% agarose gels and bands 
visualized with ethidium bromide staining. 
2.2.7 Southern blot 
After the three genomic clones were digested with different 
restriction enzymes, the fragments were separated by agarose 
gel electrophoresis. The fragments were then transferred to 
nitrocellulose membranes by Southern blotting (Maniatis et 
al., 1982). The filters were hybridized with the chicken MHC 
class II probes 0NA2 (fil), p234 (02), p432 (TM), and ON39 
(3'UT). The hybridization regions, the location of the 
putative chains, were identified by the Southern blot 
procedure (Southern, 1977). The hybridization with the FIO, 
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p234, and p432 was performed at 4 2 ' C  in 6x SSC (175.3 g NaCl 
and 88.2 g Na citrate, adjust pH to 7.0 with 10 N NaOH for 1 
liter of 2Ox SSC stock), 50% formamide, 100 /ig/ml denatured 
chicken class II probes labelled with ^ P, and Ix pre-
hybridization mix (6x SSC in 50 mM NagPO^ , 4 mM EDTA (pH 7.0), 
1% SDS, 0.2% Ficoll 400, 0.2% polyvinylpyrrolidone) after 
prehybridization with denatured salmon sperm DNA under the 
same conditions. The filters were washed with 2x SSC, 0.1% 
SDS at room temperature, and O.lx SSC, 0.1% SDS at 58"C. 
Hybridization of 0NA2 and ON39 oligonucleotide probes was 
performed in 6x SSC, lOx Denhardt's (5 g Ficoll, 5 g 
polyvinylpyrrolidone, 5 g BSA for 500 ml 50x Denhardt's), 0.1% 
SDS, and 100 pl/ml denatured salmon sperm DNA and labeled 
probe at 59°C. The filters were then washed in 6x SSC at room 
temperature. The nitrocellulose filters were then exposed to 
Kodak XAR-5 film with Du Pont intensifying screens at -70"C. 
Both the genomic clones (CCII-2, CCII-4, and CCII-7) and 
their corresponding subclones (CCII-2-1, CCII-4-1, and CCII-7-
1) were analyzed by agarose gel electrophoresis and Southern 
blot-hybridization. The chicken MHC class I gene specific 
cDNA probe (FIO) was used to map the class I genes. The 
chicken MHC class II gene specific cDNA probe (S3) was also 
used as a control to distinguish the cross hybridization of 
the class I probe to the class II genes. The gel 
electrophoresis and hybridization conditions were the same as 
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described in the class II gene mapping section. 
2.2.8 Production and analysis of the subclones 
The region of each of the three clones which hybridized to 
the chicken MHC class II probes were subcloned. These 
subclones were designated CCII-2-1, CCII-4-1, and CCII-7-1. 
The fragments, 2.1 kb EcoRI-EcoRI from CCII-2, 2.5 kb BamHI-
EcoRI from CCII-4, and 2.3 kb Hindlll-Hindlll from CCII-7, 
were ligated to the plasmid vector, pBSM13+ (Stratagene, La 
Jolla, California). After denaturing 0.4 /ig insert and 0.2 fig 
of vector at 65°C for 10 minutes, the ligation was performed 
at 12°C overnight by adding 2 fil lOx ligation buffer (200 mM 
Tris.HCl, pH 7.6, 100 mM MgClg, 100 mM DTT, and 6 mM ATP), 1 /il 
T4 DNA ligase adjusted to a final volume of 20 /il with H^ O. 
The ligation mixture was diluted in 0.1 ml of 0.1 M CaClg and 
then mixed with 0.2 ml competent E. coli JM109. The competent 
JM109 were prepared as follows; a small piece of JM109 from -
70°C glycerol stock was added to 10 ml of LB and the mixture 
was incubated at 37°C overnight with shaking. One ml of the 
overnight culture was added to 100 ml LB in a 500 ml flask and 
incubated at 37"C until the O.D. at 600 nm was 0.4 to 0.6. 
The culture was chilled on ice for 20 minutes and centrifuged 
at 3800 X g (5000 rpm) in a JA-14 rotor in a J2-21 Beckman 
centrifuge for 5 minutes at 4°C. After being resuspended in 
50 ml 0.1 M MgClg, the cells were centrifuged immediately at 
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1380 X g (3000 rpm) at 4 *C. The resulting pellet was 
resuspended in 50 ml of ice-cold CaClg and placed on ice for 
30 minutes, followed by centrlfugation at 1380 x g for 5 
minutes at 4'C. The final cell pellet was resuspended in 5 ml 
0.1 M CaClg and stored on ice for 12-24 hours before being 
used as competent cells (Dillon et al., 1985). 
Transformation was performed by mixing the ligated plasmid 
with the competent JM109 as mentioned earlier, the mixture was 
placed on ice for 30 minutes with occasional shaking, heat-
shocked at 42'C for 2 minutes and immediately returned to ice 
for another 30 minute incubation. It was added to 3 ml top 
agar containing 6 mg/ml low melting point agarose (Sea Plague 
from FMC BioProducts, Rockland, Maine) in LB and incubated at 
37'C for at least 90 minutes. At the end of the incubation, 
50 /il of 10% Xgal dissolved in dimethyl formamide, 10 /il of 
100 mM IPTG (Sigma, St. Louis, Missouri) and 6 /i] 25 mg/ml 
amplclllln were added to the tube. After being vortexed, the 
contents were poured onto amplclllln containing agar plates 
prepared by adding 2 ml of 25 mg/ml amplclllln to cooled 
autoclaved agar (15g/liter LB). The plates were incubated at 
37'C overnight after solidification at room temperature. The 
confirmed clones with the desired recombinant plasmid were 
selected by the plasmid mini-prep method (Davis et al., 1986) 
and then amplified in LB-ampicillin media and purified by 
CsCl-EtBr ultracentrifugatlon (Maniatis et al., 1982). The 
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restriction map of the subclones was determined by digesting 
the recombinant plasmid with different restriction enzymes and 
followed by separation of the products on the agarose gel. 
These subclones were subjected to Southern blot analysis with 
the 0NA2 (fl), p234 (f2), p400 (TM) , and 0N39 (3'UT) probes to 
determine the orientation of the fi chain genes in the 
subclones. Hybridization of the subclones to p234 and p432 
used the same conditions as described earlier for the genomic 
clones. Hybridization to the 0NA2 and ON39 oligonucleotide 
probes was performed in 6x SSC, lOx Denhardt's solution, and 
0.1% SDS at 59°C. The filters were then washed twice with 6x 
SSC at room temperature. 
2.2.9 Chickens aneuploid for the MHC-bearina chromosome 
An experiment was undertaken to confirm the chromosomal 
location of each of the three subclones. The DNA was isolated 
from chicken blood kindly provided by Dr. S. Bloom of Cornell 
University from chickens bearing two, three or four 
chromosomes encoding the B complex. The DNA was digested with 
restriction enzymes Bglll and PvuII and subjected to Southern 
blot hybridization using the CCII-2-1, CCII-4-1, and CCII-7-1 
subclones as probes. 
2.2.10 DNA preparation for nucleotide sequencing 
The CCII-4-1 and CCII-7-1 were further subcloned into 
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plasmid pBSM13+ for nucleotide sequencing. For CCII-4-1, 
three subclones were produced including 0.8 kb BamHI-SstI 
fragment in pBSM13+ (BS0.8-CCII4), 0.6 kb Sstl-PstI (SP0.6-
CCII4), and 1.1 kb Pstl-EcoRI (PE1.1-CCII4); For CCII-7-1, the 
three subclones are 0.8 kb Hindlll-SstI (HS0.8-CCII7), 0.6 kb 
Sstl-PstI (SP0.6-CCII7), and 0.9 kb Pstl-Hindlll (PH0.9-
CCII7). For DNA sequencing, each of the individual subclones 
can be sequenced from both directions. Since all the 
subclones are in the pBSM13+ instead of both M13+ and M13-
with the same orientation, only one strand of the DNA can be 
produced as single-stranded DNA by the M13 phage. The other 
strands have to be sequenced using the double stranded DNA as 
template. In this experiment, both single stranded and double 
stranded DNA templates were prepared. 
Single stranded DNA was prepared by starting with a very 
small amount of transformed E. coli JM109 containing pBSM13+ 
with the insert. The JM109 was inoculated into 2x YT medium 
(16 g of bacto-tryptone, 10 g of bacto-yeast extract, and 10 g 
of NaCl in 1 liter with pH 7.4 adjusted by NaOH) containing 40 
/ig/ml ampicillin. The cells were grown in 37"C with shaking 
until the culture reached the early log phase (O.D.^  = 0.3). 
One fil of the culture supernatant of the M13K07 helper phage 
(Pharmacia, Piscataway, New Jersey) was added to the culture. 
The culture was incubated at 37°C for 30 minutes with shaking. 
Approximately 100 nl of the culture was transferred to a flask 
I 
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containing 10 ml of the fresh 2x YT, 20 pi Ampicillin stock 
(20 mg/ml) and 28 pi Kanamycln stock (25 mg/ml) and Incubation 
continued at 37*C overnight. The cells were removed by 
centrifugation for 5 minutes at 3000 x g. The supernatant 
containing the M13 phage was transferred to a fresh tube and 
precipitated with the addition of 2.5 ml 20% polyethylene 
glycol 6000 and 2.5 H NaCl, followed by incubation on ice for 
an hour. The phage particles were then centrifuged for 10 
minutes at 5000 x g, resuspended in 500 pi TE buffer (10 mM 
Tris.HCl, pH 7.5, 1 mM EDTA), extracted with equal volume of 
phenol, phenol/chloroform (50:50 by volume), and chloroform, 
and finally precipitated by 2.5 volume of 95% ethanol at -
20*C. After centrifugation, the single stranded ONA template 
was pelleted and then resuspended in 50 pi HgO and examined on 
a 0.8% agarose gel with the single atranded DNA control 
(United Biochemical Corp., Cleveland, Ohio). The 
concentration of the DNA was determined by comparing the 
intensity of the EtBr stained bands with the known 
concentration control. (The method for preparing single-
stranded DNA was obtained from Dr. A. Myers at Iowa State 
University, Ames, Iowa.) 
Double stranded DNA template was prepared by CsCl-EtBr 
ultracentrifugation (Maniatis et al., 1982). 
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2.2.11 Nucleotide sequencing strategy 
In addition to subcloning the restriction enzyme digested 
fragments from the CCII-4-1 and CCII-7-1, the primer extension 
method was also used to sequence the fragments. The T3 primer 
and the T7 primer on pBSM13+ were used to sequence the insert 
from both directions, followed by extension of the sequence 
using HPLC purified synthetic primers synthesized in an 
Applied Biosystems DNA Synthesizer (Dr. R. Benbow's Lab, Iowa 
State University DNA Center, Ames, lA). These primers were 
designed to match completely and extented the sequences 
obtained from previous primer. All the primers used are 
summarized in Table 2.2. 
Table 2.2. Nucleotide sequencing primers 
Name Sequence from 5' to 3' Location Used for 
T3 primer 
T7 primer 
ATTAACCCTCACTAAG PBSM13+ CCII-4 and 7 
AATAC6ACTCACTATAG PBSM13+ CCII-4 and 7 
#1 primer CCGTCGTCGATTAAGTCG CYT II CCII-4 and 7 
#2 primer GACAGCTACGTGTGCCGGGT BETA2 CCII-4 
#3 primer GCTGGTGGTGCTGGAGA BETA2 CCII-7 
#4 primer 
#5 primer 
CACGGTGGTCGTGCCGGGGG LP CCII-7 
GTCGCATAGTCGAGTGAGTT 5'UT CCII-4 
Complementary to the primer extension strategy, the 
exonuclease deletion method was also applied to the DNA 
sequencing strategy using the Erase-A-Base system (Promega, 
Madison, Wisconsin). 
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2.2.12 Nucleotide sequencing 
DNA sequencing of CCII-4-1 (by Yuanxin Xu) and CCII-7-1 (by 
Dr. Jacob Pitcovski and Yuanxin Xu) was performed by the 
dideoxy chain termination method (Sanger et al., 1977 and 
Biggin et al., 1983). [o-®®S]dATP (NEN Research Products, 
Boston, MA) and Seguenase (US Biochemical Corp., Cleveland, 
Ohio) were used after subcloning the BamHI-SstI, Sstl-PstI, 
and Pstl-EcoRI fragments from the CCII-4-1 subclone and the 
Hlndlll-Sstl, Sstl-PstI, and Pstl-Hlndlll fragments from the 
CCII-7-1 subclone into the pBSM13+ vector. T3, T7 (US 
Biochemical Corp.), and five other HPLC purified synthetic 
primers (Table 2.2) were used. These five primers were 
designed to match completely and extend the sequences obtained 
with the previous primer. 
The single stranded DNA sequencing was performed using the 
procedure described in the Sequenase^  ^protocols from United 
Stated Biochemical Corp. The double stranded DNA sequencing 
was performed using the method of Fuller (1988) and then 
following the single stranded DNA sequencing method. 
The ^ S-labelled samples were loaded onto a wedge gel 
containing 8% acrylamlde, 0.35% bls-acrylamide, and 8 H uroa. 
The wedge gel was prepared as follows: An extra piece of 
plastic from spacers was added to the bottom of the two side 
spacers so that the gel at the bottom was thicker than the gel 
on the top. After pre-electrophoresls of the gel for 30 
I 
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minutes. The electrophoresis was performed at 50 watts 
constant power for 2-9 hours (the current was about 30 mA and 
the voltage was about 1500 V). Each set of sample was loaded 
three times with the two hour interval for good resolution. 
After electrophoresis, the gel was soaked in 2 liters of 10% 
acetic acid and 10% methanol to remove urea, and dried on a 
slab gel dryer (Bio-Rad, Richmond, CA) at 80*C for 1 hour. 
The dried gel was then directly exposed to the X-ray film 
(Kodak XAR-5) overnight. The film was developed with a film 
developer (Eastman Kodak, Rochester, New York). 
Nucleotide and amino acid sequences were compared on a 
microcomputer using the MICR06ENIE software package (Beckman 
Instruments, Inc., Palo Alto, California). 
2.3 Results 
2.3.1 Probe amplification and purification 
All the probes except the oligonucleotide probes were 
amplified and purified. The plasmid DNA was guantitated by 
using a spectrophotometer and the purity of the plasmid DNA 
was measured by the ratio of ODggg/ODggg which was 1.80. The 
pure inserts after electrophoresis and electroelution were 
examined on agarose gels and guantitated by comparing the 
intensity of inserts with the intensity of the known standard 
DNA. Purification of the p234 is shown in Figure 2.2 as an 
example. 
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2.3.2 Isolation of the chicken genomic clones 
After completing the Southern blot analysis of sperm DNA 
with the p234 and pl4 probes, the recombinant phage library of 
the G-B2 line haplotype chicken was constructed in the 
vector EHBL-3 (Promega, Madison, WI) and screened with the 
chicken classll probe, p234 (Xu et al, 1988). Of a total of 
10^  nonamplified plagues, three positive plagues were detected 
and designated chicken class II clone 2 (CCII-2), chicken 
class II clone 4 (CCII-4), and chicken class II clone 7 (CCII-
7). Based on the known complexity of the chicken genome 
(Stevens, 1986) this library is estimated to be 86% complete 
(Clark and Carbon, 1976 and Old and Primrose, 1985). DNA from 
the three clones that gave a strong positive signal were 
isolated. 
2.3.3 Characterization of the class II genes bv restriction 
mapping 
Restriction enzyme digestion and agarose gel electrophoresis 
methods were used to construct restriction maps of the chicken 
genomic clones. The genomic DNA from the CCII-2, the CCII-4, 
and the CCII-7 clones was digested with different 
Figure 2.2. Probe purification. (A) 0.8% gel of PstI 
digested pUC9-p234 after transformation 
of the recombinant plasmid into E.coli HBIOI and 
purification by CsCl-EtBr ultracentrifugation. 
The lanes (from left to right) are; recombinant 
plasmid cut with PstI, the same sample, the uncut 
super-coiled plasmid, and the A Hindlll marker. 
(B) 1% agarose gel of a large amount of pUC9-p234 
digested with PstI for insert isolation by 
electroelution. The molecular weight marker used 
here were A Hindlll digests. (C) 0.8% gel shows 
the purified p234 probe ready to be labelled. 
The molecular weight marker used here are A 
Hindlll digests. The 234 bp insert fragment are 
indicated by arrows along the pictures. Other 
probes including pl4, p432, FIO, S3 were 
amplified and prepared the same way as p234. 
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234 bp 
restriction enzymes. The fragments were then separated by 
agarose gel electrophoresis at varying agarose concentrations. 
The restriction maps of the CCII-2, the CCII-4, and the CCII-7 
were determined. The molecular weight markers used were A DNA 
digested with different restriction enzymes. All the markers 
are illustrated in Table 2.3. Pictures of EtBr stained gels 
are shown in Figure 2.3. 
Table 2.3. Molecular weight markers 
Hindlll BstEII Sail Xhol Pqlll 
23130 8454 32745 33498 22010 
9416 7242 15258 15004 13286 
6557 6369 9688 











The known restriction map of the EMBL-3 vector (Frischauf et 
al., 1983 and Rackwitz et al., 1984) helped us to analyze the 
isolated clones. The restriction maps of the three chicken MHC 
class II genomic clones, isolated by hybridization with the 
p234 probe are shown in Figure 2.4. The CCII-2 phage, 
spanning 21 kb of DNA in the EMBL-3 arms, was found to possess 
Kpnl, Hindlll, BamHI, EcoRI, and Sail restriction sites. The 
CCII-4 clone spanning 19 kb in the EMBL-3 arms contains 
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Hindlll, BamHI, EcoRI and Sail restriction sites. The CCII-7 
clone was a 18 kb fragment in the EMBL-3 vector and Hindlll, 
BamHI, and Kpnl sites were found in this clone. The enzyme 
Sail and PstI were not tested on this clone. Because these 
three clones do not share restriction enzyme sites, these 
three DNA fragments seem to represent three independent class 
II chain gene loci in the chicken MHC B-L region. 
2.3.4 Southern blot analysis of the class II genes 
Southern blot analysis of the three clones with the p234 (f2 
exon specific) probe showed that one MHC class II p gene was 
detected in each of the three clones. The probes 0NA2 (fl), 
p432 (TM), and ON39 (3'UT) were also used for locating 
the B-Iv9 genes in the genomic clones. In CCII-2, the 
hybridization patterns from the P2 and TM were identical, 
which indicates that the P2 and the TM exon are closely linked 
to each other in the 2.1 kb EcoRI-EcoRI fragment. The pi and 
3'UT probes could not detect any signal. Either CCII-2 does 
not contain the pi exon and 3'UT region or the CCII-2 contains 
changed or truncated genes which have low homology with the 
probes. In CCII-4, the pi, P2, and TM probes detected the 
same hybridization pattern, which suggests that the p i ,  p 2 ,  
and TM exons are closely linked together in the 2.5 kb BamHI-
EcoRI fragment. The 3'UT probe failed to show any signal, 
which suggests that the 3'UT region is either absent or 
Figure 2.3. Agarose gel electrophoresis. DNA isolated from 
CCII-2, CCII-4, and CCII-7 was digested with 
restriction enzymes and then separated on agarose 
gel. Gel pictures are shown from (A) to (K). 
Molecular weight markers used were X DNA digested 
with different restriction enzymes. Genomic 
DNAs, restriction enzymes, molecular weight 
markers, and gel concentrations are summarized 
as follows: 
CCII-2 GENOMIC DNA 






Lane Enzyme Lane Enzyme Lane Enzyme 
1 A Hindlll 1 A Hindlll 1 A Hindlll 
2 B 2 B 2 B 
3 E 3 E 3 E 
4 H 4 H 4 H 
5 S 5 S 5 S 
6 B & E 6 B & E 6 B & E 
7 B & S 7 B & S 7 B & S 
8 E & S 8 E & S 8 E & S 
9 H & E 9 H & E 9 H & E 
10 H & S 10 H & S 10 H & S 
11 H & B 11 H & S 11 H & B 
12 A BstEII 12 H & B 12 A BstEII 
13 A Sali 13 A BstEII 
14 A Xhol 
15 A BglII 
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Figure 2.3 continued 
CCII-4 GENOMIC DNA 
percent (D) (E) (F) 
gel 0.8 0.5 1.2 
Lane Enzyme Lane Enzyme Lane Enzyme 
1 A HindIII 1 A HindIII 1 A HindIII 
2 B 2 B 2 B 
3 E 3 E 3 E 
4 H 4 H 4 H 
5 S 5 S 5 S 
6 B & E 6 B & E 6 B & E 
7 B & S 7 B & S 7 B & S 
8 E & S 8 E & S 8 E & S 
9 H & E 9 H & E 9 H & E 
10 H & S 10 H & S 10 H & S 
11 H & B 11 H & B 11 H & B 
12 A BstEII 12 A BstEII 12 A BstEII 
13 A Sali 13 A BglII 
14 A Xhol 
15 A BglII 
Enzyme abbreviations; B, 
S ,  
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Figure 2.3 continued 
CCII-2 GENOMIC DNA ON GEL (G) AND CCII-4 GENOMIC DNA ON GEL 
(H) 
percent (G) (H) 
gel 0.8 0.8 
Lane Enzyme Lane Enzyme 
1 A Hindlll 1 A Hindlll 
2 B 2 B 
3 E 3 E 
4 H 4 H 
5 S 5 S 
6 N 6 N 
7 K 7 K 
8 N & B 8 N & B 
9 N & E 9 N & E 
10 N & H 10 N & H 
11 N & S 11 N & S 
12 K & B 12 K & B 
13 K & E 13 K & E 
14 K & H 14 K & H 
15 K & S 15 K & S 
16 A BstEII 16 A BstEII 
17 A BglII 17 A BglII 
18 A Sali 18 A Sali 
Enzyme abbreviations; B, BamHI ; E, EcoRI; H, Hindlll; 
S, Sali; N, NruI; K, Kpnl. 

Figure 2.3 continued 
CCII-7 GENOMIC DNA 
percent (I) (J) (K) 
gel 0.5 1.2 0.8 
Lane Enzyme Lane Enzyme Lane Enzyme 
1 A Hindlll 1 A BstEII 1 A Hindlll 
2 N 2 S & H 2 B 
3 K 3 E & H 3 E 
4 H 4 B & H 4 H 
5 S 5 B & S 5 K 
6 B 6 B & E 6 N 
7 E 7 E & S 7 B & E 
8 H 8 B & H 
9 S 9 B & K 
10 E 10 B & N 
11 B 11 E & H 
12 A Hindlll 12 E & K 
13 E & N 
14 H & K 
15 H & N 
16 K & N 
17 A Hindlll 
Enzyme abbreviations: B, BamHI; E, EcoRI; H, Hindlll; 
K, Kpnl; N, NruI; S, Sali. 
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Figure 2.4. Restriction maps of the genomic clones. Maps of 
CCII-2, CCII-4, and CCII-7 are shown here. The 
heavy bars represent the location of the class 
II (B-L) p chain genes. The location of the 
three subclones (discussed later) is also shown. 
The left side of each clone is linked to the 
EMBL-3 left arm and the right side is linked to 
the EMBL-3 right arm. The abbreviations for 
restriction enzymes are: B, BamHI; E, EcoRI; 
H, Hindlll; K, Kpnl; and S, Sail. 
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variable in CCII-4. In CCII-7, all the probes (fl, P2, TM, 
and 3'UT) gave the same hybridization pattern, which indicates 
that the four regions are linked together in the 2.3 kb 
Hindlll-Hindlll fragment. The autoradiograms were shown in 
Figure 2.5. 
The locations of the p gene are shown in Figure 2.4. In 
CCII-2, the B-I48 gene was present in the 15.2 kb BamHI-BamHI 
fragment, the 2.1 kb EcoRI-EcoRI fragment, the 10.7 kb Sall-
Sall fragment, and the 8.4 kb Hindlll-Hindlll fragment. 
Double digests of DNA hybridized with the same probe confirmed 
the location of the p gene. In clone CCII-4, the B-I^ fl gene 
was located in the 9.7 kb BamHI-BamHI fragment, the 11.8 kb 
EcoRI-EcoRI fragment containing the EMBL-3 right arm, the 13.0 
kb Sall-Sall fragment, and in the approximately 19 kb Hindlll-
Hindlll fragment containing part of the EMBL-3 right arm, and 
in the 2.5 kb BamHI-EcoRI fragment. The double digests done 
on this clone confirmed these results. In CCII-7, the B-If 
gene was present in the 16.9 kb BamHI-BamHI fragment, the 2.3 
kb Hindlll-Hindlll fragment, and the 10.7 kb KpnI-Kpnl 
fragment containing the EMBL-3 left arm. There were no EcoRI 
or Nrul sites in this clone; therefore, two very large 
fragments containing both EMBL-3 left and right arms 
hybridized with the probes. Double digests also confirmed the 
information about the location of the B-I^  gene. 
Figure 2.5. Southern blot analysis of the genomic clones. 
®^ P-labelled chicken MHC class II p chain probes, 
0NA2(/S1), p234(f2), and p432(TM) were used. 
Sizes of the fragments are indicated in 
kilobases. The enzyme abbreviations are: 
B, BamHI, E, EcoRI, H, Hindlll, S, Sail, K, Kpnl, 
N, Nrul, P, Pstl. DNAs and the probes used for 
hybridizations are summarized: 
Autoradiograms DNAs Probes 
A CCII-2 p234, p2 
B CCII-4 p234, P2 
C CCII-7 p234, /82 
D CCII-2 p432, TM 
E CCII-4 p432, TM 
F CCII-7 p432, TM 
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Figure 2.5 continued 
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2.3.5 Subclonlna the fragment containing the B-Lfl aene 
The fragments containing the B-I^  genes were subcloned. 
These fragments were: a 2.1 kb EcdRI-EcoRI fragment from 
CCII-2, a 2.5 kb BamHI-EcoRI fragment from CCII-4, and a 2.3 
kb Hindlll-Hindlll fragment from CCII-7. The procedure used 
for CCII-4 subcloning is shown as an example in Figure 2.6. 
2.3.6 Southern blot analysis of the subclones 
The fragments containing the chicken B-I^  chain gene, the 
2.1 kb EcoRI-EcoRI fragment from CCII-2, the 2.5 kb EcoRI-
BamHI fragment from CCII-4, and the 2.3 kb Hindlll-Hindlll 
fragment from CCII-7 were subcloned into the pBSM13+ plasmid 
and designated CCII-2-1, CCII-4-1, and CCII-7-1. The 
restriction map of these subclones was determined, with the 
results shown in Figure 2.7. In CCII-2-1, the location of the 
and TM exons has been deduced from hybridization with the 
p234 and p432 probes. The oligonucleotide probes 0NA2 (131) 
and ON39 (3'UT) did not show a positive signal. It seems that 
CCII-2-1 is very different from the CCII-4-1 and CCII-7-1. In 
CCII-4-1, the location and orientation of the /91, and TM 
exons has been deduced from hybridization with the 0NA2, p234, 
and p432 probes. Hybridization to the oligonucleotide probe 
ON39 (3'UT) did not shown a positive signal. [It was found 
later by DNA sequencing that the 3'UT region of the CCII-4-1 
Figure 2.6. Subclonlng of CCII-4. The 2.5 kb BamHI-EcoRI 
fragment containing the B-L p gene from the 20 kb 
CCII-4 clone was subcloned into plasmld pBSM13+. 
(A) 1% agarose gel of CCII-4 genomic DNA digested 
with BamHI and EcoRI for the 2.5 kb fragment 
purification. The molecular weight marker used 
was A BstEII digests. (B) 0.8% gel of the insert 
DNA after electroelutlon was shown on the second 
lane from left. The M.W. marker used was A 
Hindlll digest. (C) A plasmld mini-prep to 
select the plasmids containing the desired 
insert. All the plasmld preparations were 
digested with BamHI and EcoRI. Lane 10 was the 
M.W. marker, A Hlndlll digest. All the other 
lanes were individual clones. Only lane 8 showed 
the positive clone, with both a vector band and 
a 2.5 kb Insert band. This clone was dislgnated 
CCII-4-1. (D) plasmld DNA from the subclone 
CCII-4-1, the pBSM13+ containing the 2.5 kb 
BamHI-EcoRI fragment, was purified by the 
CsCl-EtBr method. (E) agarose gel 
electrophoresis of the subclone CCII-4-1 digested 
with different enzymes. The DNAs and enzymes 
in (D) and (E) are summarized: 
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Figure 2.6 continued 
Figure 2.7. Restriction maps of the subclones. The jSl, P2, 
TM, CYT exons and 3'UT region are indicated by 
black boxes. Introns are indicated by lines 
between the exons. Parentheses are used to show 
that the orientation of the P2 and TM in the 
CCII-2-1 is unknown. Restriction enzyme sites 
and fragment sizes (kb) are also indicated. 
CCII-Z-1 11 
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is very different from that of the chicken from which the 
ON39 probe is derived. The location of the LP, CYT exon, and 
3'UT region was also deduced from nucleotide sequencing (data 
to be shown later).] In CCII-7-1, the location and 
orientation of the /91, p2, TM, and 3'UT was deduced from 
hybridization with the 0NA2, p234, p432, and ON39 probes. 
[The location of the LP and CYT was deduced from nucleotide 
sequencing (data to be shown later). ] The pictures of the 
gels and the autoradiograms for analyzing the subclones are 
shown in Figure 2.8. 
2.3.7 Southern blot analysis of the three genomic clones with 
a class I cDNA probe. FIO 
One research group has reported that the class I genes are 
closely linked to the class II genes (Guillemot et al., 1988). 
This experiment was designed to determine whether our class II 
genomic clones contain the class I genes. The results 
indicated that the class I probe hybridized to the same region 
as the class II probes in CCII-4 and CCII-7. The CCII-2 did 
not give any positive signal. The gel picture and the 
corresponding autoradiogram are shown in Figure 2.9. The 
class II genomic clones, CCII-4 and CCII-7, may contain the 
class I genes. By comparing this result with the restriction 
maps of the clones and the subclones, it seems that the class 
I gene is located in the same subclone containing the class II 
72 
gene. 
In order to localize the class I gene, the autoradiograms of 
the hybridization pattern of the three genomic clones with the 
class I cDNA probe (FlO) and the class II cDNA probe (S3) were 
compared (Figure 2.10). Again the CCII-2 clone hybridized 
only with the class II probe and not with the class I probe. 
The CCII-4 and CCII-7 clones hybridized to both class II and 
class I probes. By comparing the patterns detected with the 
class I probe, the class II probe hybridization showed an 
extra band on the PstI and Pstl/SstI fragments in CCII-4, 
PstI, Hindlll/PstI, and Pstl/SstI fragments in CCII-7. The 
rest of the patterns are the same in both the class I and the 
class II hybridizations. 
2.3.8 MHC gene dosage effect 
The results of hybridization of DNA from chickens aneuploid 
for the MHC bearing chromosome are shown in Figure 2.11. The 
CCII-2-1 and CCII-4-1 probes were used. The CCII-2-1 
hybridization was performed by B. Gerndt at Dr. Carol Warner's 
lab. The results indicated that the subclones are true 
chicken MHC gene clones since the intensity of the bands was 
higher in the trisomie and tetrasomlc chicken DNA compared to 
the dlsomic DNA. 
Figure 2.8. Agarose gel electrophoresis and Southern blot 
analysis of the subclones. DNA isolated from 
CCII-2-1, CCII-4-1 and CCII-7-1 were analyzed. 
CCII-2-1 did not hybridize to the /91 and 3'UT 
probes from B-L p chain gene. Molecular weight 
markers used here were A Hindlll and BstEII 
digests. The gel pictures for 0NA2 (/91), p234 
ip2), p432 (TM), and ON39 (3'UT) hybridization 
are shown in (A), (B), (C), and (D). Their 
corresponding autoradiograms are shown in (A'), 
(B'), (C), and (D'). Xhol did not cut the two 
subclones. Avail showed an incomplete digestion. 
PstI and SstI were used for mapping the exons, 
which indicated by arrows on the autoradiograms. 











1 1 1 1 A BstEII 
2 2 A Hindlll 
3 2 2 2 CCII-4-1 B, E, & A 
4 3 3 4 CCII-4-1 B, E, & P 
5 4 4 5 CCII-4-1 B, E, & S 
6 5 5 6 CCII-4-1 B, E, & X 
7 6 6 7 CCII-4-1 B, E, P & A 
8 7 7 8 CCII-4-1 B, E, S & A 
9 8 8 9 CCII-4-1 B, E, X & A 
10 9 9 10 CCII-4-1 B, E, P & S 
11 10 10 11 CCII-4-1 B, E, P & X 
12 11 11 12 CCII-4-1 B, E, S & X 
13 12 12 13 CCII-7-1 H & A 
14 13 13 14 CCII-7-1 H & P 
15 14 14 15 CCII-7-1 H & S 
16 15 15 16 CCII-7-1 H & X 
17 16 16 17 CCII-7-1 H, P & A 
18 17 17 18 CCII-7-1 H, P & S 
19 18 18 19 A BstEII 
19 19 A Hindlll 
Enzyme abbreviations: B, BamHI; E, EcoRI; H, Hindlll; A, Avail; 
P, PstI; S, SstI; X, Xhol. 
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Figure 2.9. Agarose gel electrophoresis and Southern blot 
analysis of the genomic clones with a class I 
probe. DNA Isolated from the CCII-2, CCII-4, and 
CCIl-7 genomic clones were analyzed. Molecular 
weight markers used here were A Hlndll and BstEII 
digests. The gel picture is shown in (A) and the 
corresponding autoradlogram is shown in (A*). 
The enzyme abbreviations are; P, PstI, 
H, Hindlll, E, EcoRI, and B, BamHI. The genomic 
DNAs and restriction enzymes are summarized: 
Lane DNA Enzyme 
1 A Hindlll 
2 A BstEII 
3 CCII-7 SstI 
4 CCII-7 PstI 
5 CCII-7 Hindlll 
6 CCII-7 Sail 
7 CCII-7 EcoRI 
8 CCII-7 BamHI 
9 CCII-2 SstI 
10 CCII-2 PstI 
11 CCII-2 Hindlll 
12 CCII-2 BamHI 
13 CCII-4 SstI 
14 CCII-4 PstI 
15 CCII-4 Hlndlll 
16 CCII-4 Sail 
17 CCII-4 EcoRI 
18 CCII-4 BamHI 
19 A BstEII 























2.10. Comparison of the B-L and B-F probe 
hybridization. 0.8% agarose gel electrophoresis 
and Southern blot analysis of restriction enzyme 
digests of the DNA isolated from CCII-2, 
CCII-4, and CCII-7 genomic clones. The 
molecular weight marker used here was A Hindlll 
digest. The gel pictures for FIO (B-F) and S3 
(B-L) hybridization are shown in (A) and (B). 
Their corresponding autoradiograms are shown in 
(A') and (B*). The enzyme abbreviations are: 
E, EcoRI, P, PstI, S, SstI, B, BamHI, 
H, Hindlll, Sal, Sail, and Sst, Sstl. The DNAs, 
restriction enzymes, and probes are summarized. 
DNA Enzyme for Probe 
both gel A and B A' and B' 
~ Hindlll 
CCII-2 EcoRI B-F B-L 
CCII-2 PstI (FIO) (S3) 
CCII-2 Sstl 
CCII-2 EcoRI and PstI 
CCII-2 Sstl and PstI 
CCII-4 PstI 
CCII-4 Sstl 
CCII-4 PstI and Sstl 
CCII-4 BamHI and EcoRI 
CCII-4 EcoRI and Sstl 




CCII-7 Hindlll and PstI 
CCII-7 Sstl and PstI 
A Hindlll 
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Figure 2.11. MHC gene dosage effect. Southern blot patterns 
were analyzed for chickens aneuploid for the MHC 
bearing chromosome. DNA of Disomlc, trisomie 
and tetrasomlc, were digested with Bglll and 
PvuII. M.W. markers from A Hlndlll digests are 
Indicated. The DNA, enzymes, and probes are 
summarized. 
Lane DNA Enzyme Probe 
1 tetrasomlc Bglll CCII-2-1 
2 trisomie Bglll CCII-2-1 
3 disomlc Bglll CCII-2-1 
4 tetrasomlc PvuII CCII-2-1 
5 trisomie PvuII CCII-2-1 
6 disomlc PvuII CCII-2-1 
7 tetrasomlc Bglll CCII-4-1 
8 trisomie Bglll CCII-4-1 
9 disomlc Bglll CCII-4-1 
10 tetrasomlc PvuII CCII-4-1 
11 trisomie PvuII CCII-4-1 





2.3.9 Subclones produced for nucleotide sequencing 
The subclones CCII-2-1, CCII-4-1, and CCII-7-1 were further 
subcloned for nucleotide sequencing. The CCII-4-1 subcloning 
is shown in Figure 2.12 as an example. 
2.3.10 Structure of two chicken B-LB chain genes 
The sequencing strategies used were subcloning the 
restriction enzyme generated fragments, exonuclease deletion 
for subcloning and the primer extension method. The 
nucleotide sequencing strategy is shown in Figure 2.13. 
Since all the fragments were subcloned into pBSM13+ instead 
of both pBSM13+ and pBSM13- with the same orientation, only 
one strand of the DNA could be sequenced using the single 
stranded DNA template (average of 500 bp can be read from a 
single gel), including all the sequences from the T7 primer 
and its extension. The other strand using the double stranded 
DNA as template gives an average 300 bp sequence (including 
the sequence from the T3 primer and its extension). The high 
background from double stranded sequencing can be eliminated 
by using Taq DNA polymerase; this enzyme was not available at 
the time these experiments were undertaken. 
The 2.5 kb BamHI-EcoRI fragment from CCII-4 and the 2.3 kb 
Hindlll-Hindlll fragment from CCII-7 were further subcloned 
and analyzed in detail by nucleotide sequencing. The DNA 
Figure 2.12. Subcloning CCII-4-1 for nucleotide sequencing. 
CCII-4-1, a pBSM13+ plasmid containing a 2.5 kb 
BamHI-EcoRI fragment with the chicken B-L p gene 
was further subcloned into pBSM13+ and three 
subclones were produced: a 0.8 kb BamHI-SstI 
fragment, a 0.6 kb Sstl-PstI fragment, and l.l 
kb Pstl-EcoRl fragment. (A) CCII-4-1 was 
digested with the following restriction 
enzymes from which the ones good for subcloning 
were selected (see summary below). (B) An 
agarose gel of CCII-4-1 digested with the 
enzymes BamHI, EcoRI, PstI, and Sstl. Bands 
for electroelution and insert isolation were 
generated: the 0.8 kb BamHI-Sstl fragment, the 
0.6 kb Sstl-PstI fragment, the 1.1 kb Pstl-EcoRI 
fragment. The top 3.2 kb fragment is the 
pBSM13+ plasmid. 


















PstI and Sstl 
PstI and Xbal 
PstI and AccI 
Sstl and Xbal 
Sstl and AccI 
Xbal and AccI 
X BstEII 
* Xbal and AccI did not cut CCII-2-1 

Figure 2.12 continued 
(C) An example of a plasmid mini-prep. After 
ligation and transformation, plasmids containing 
the desired insert were selected by the 
mini-prep method. Molecular weight markers used 
were X Hindlll and BstEII. The positive clones 
are indicated by *. The subclones and the 
enzymes are summarized below. (D) plasmids from 
subclones, 0.8 kb BamHI-SstI #2, 0.6 kb 
Sstl-PstI #2, and 1.1 kb Pstl-EcoRI #2 indicated 
in (C) were purified by CsCl-EtBr 
ultracentrifugation. An agarose gel shows the 
purified plasmid DNA. Molecular weight markers 
used here were X Hindlll digests (lanes 1 and 
5). Subclones containing 0.8 kb BamHI-SstI, 0.6 
kb Sstl-PstI, and 1.1 kb Pstl-EcoRI digested 
with the two corresponding enzymes were on lane 
2, 3, and 4. 
(C)  
Name of the subclone Lane Enzyme Positive 
clones 
0.8 kb BamHI-SstI #1 1 BamHI 
0.8 kb BamHI-SstI #2 2 BamHI 
0.6 kb Sstl-PstI #1 3 PstI 
0.6 kb Sstl-PstI #2 4 PstI 
0.6 Kb Sstl-PstI #3 5 PstI 
1.1 kb Pstl-EcoRI #1 6 EcoRI 
1.1 kb Pstl-EcoRI #2 7 EcoRI 
1.1 kb Pstl-EcoRI #3 8 EcoRI 
0.8 kb BamHI-SstI #1 9 BamHI and SstI * 
0.8 kb BamHI-SstI #2 10 BamHI and SstI * 
0.6 kb Sstl-PstI #1 11 SstI and PstI 
0.6 kb Sstl-PstI #2 12 SstI and PstI * 
0.6 kb Sstl-PstI #3 13 SstI and PstI 
1.1 kb Pstl-EcoRI #1 14 PstI and EcoRI * 
1.1 kb Pstl-EcoRI #2 15 PstI and EcoRI * 
1.1 kb Pstl-EcoRI #3 16 PstI and EcoRI * 

Figure 2.13. DNA sequencing strategy. CCII-4-1 and 
CCII-7-1 sequencing strategy were illustrated. 
The abbreviations for the restriction enzymes 
are; B, BamHI, E, EcoRI, H, Hindlll, P, PstI, 
and S, Sstl. Exons are indicated by boxes which 
are separated by introns (solid lines). The 
exons are: LP, fil, p2, TM, CYT, and 3'UT 
region. Primer T3 is indicated by open 
triangles; primer T7 is indicated by black 
triangles; primer #1 to #5 are shown as black 
squares. Dashed lines and arrows indicate the 
length and direction of the DNA being sequenced. 
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sequences and the deduced amino acid sequences from the exons 
are shown in Figure 2.14. The sequences show the typical MHC 
class II p chain gene structure, with the LP, /91, P2, UK, and 
CYT exons displaying an open reading frame, separated by five 
introns (1 to 5). Splicing signals at intron/exon boundaries 
(GT and AG) are present in all cases. The conserved TGC codon 
for Cys, which forms the internal disulfide bridges of the ^ 1 
and p2 domains, and the conserved AAC codon for Asn, which is 
the site for N-linked glycosylation in the pi domain, are all 
present in the two chicken genomic clones. Other conserved 
regions, existing in mouse and human MHC class II p genes, are 
also present in these two chicken genomic clones (Larhammar et 
al., 1982, Bourlet et al., 1988, Brown et al., 1988). The 
sizes of the exons are also conserved in chickens. Mutations 
in exon regions consist of both silent and coding 
substitutions. Comparison of the intron regions between the 
two clones shows deletions in addition to the substitutions. 
Poly A addition signal are also present in the 3'-UT region of 
the both clones. 
Nucleotide sequences from the exons of the genomic clones, 
the CCII-4-1 and CCII-7-1 were compared with the cDNA clone, 
S19. The data is shown on Figure 2.15. 
The predicted amino acid sequences of the two chicken B-L p 
chain genes were compared to the published sequences of a 
human gene (HLA-DQ), mouse gene (H-2, A^ ), other chicken genes 
93 
(pl4 and B12, B-L p chain genes), and a chicken cDNA sequences 
from the same haplotype (S19). The results are shown in 
Figure 2.16. As mentioned above, the two chicken sequences 
show all the characteristics of MHC class II p chain genes, 
such as conserved residues for N-glycosylation (Asn) and intra 
domain disulfide bond formation (Cys residues). The conserved 
regions and variable regions recently analyzed in human and 
mouse genes (Brown et al., 1988), are also present in the 
chicken genes. Both sequences contain an open reading frame 
of about 100 bp, with the initiating codon (codon for the 
first amino acid. Met), and each has been identified as the 
probable signal peptide. Many codons in this sequence are for 
hydrophobic amino acids. A-T rich sequences in 5'UT may serve 
as TATA box. Comparing these sequences with the cDNA 
sequences (Sung, 1989) from the same haplotype chicken also 
confirms our results (Figure 2.15). 
2.3.11 comparison of nucleotide and predicted amino acid 
sequences 
Nucleotide sequences and their corresponding amino acid 
sequences of the MHC class II p chain are compared. A summary 
of the comparison of nucleotide sequences (exons only) of 
CCII-4-1, CCII-7-1, S3 (Sung, 1989), B12 and pl4 (Bourlet et 
al., 1988), and HLA-DQ (Larhammar et al., 1982) is shown in 
Table 2.4. For /?l, clones from chickens of the B6 and B12 
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haplotypes are most homologous to each other (82-86%). The 
sequences are more highly conserved for P2 than )91 with all 
chicken clones having greater than 90% homology. The highest 
homology shared is 100% between CCII-4-1 and CCII-7-1 for some 
of the exons. As expected, high homologies among genes are 
also found in the TH and CYT domains. 
The deduced amino acid sequences are compared in Table 2.5. 
In general, the amino acid sequences are less homologous than 
the DNA sequences (compare Tables 2.4 and 2.5), but showed 
similar patterns of homology to the DNA sequences. 
Upon examining the complete nucleotide sequences of the 
CCII-4-1 and CCII-7-1, which were shown in Figure 2.16, both 
sequences contain 5'UT, LP, pi, p2, TM, CYT, and 3'UT. The 
open reading frame (exons) are translated into amino acids 
which are indicated by 1-letter code, as summarized in Table 
2 . 6 .  
2.4 Discussion 
2.4.1 The chicken MHC class II aene mapping and sequencing 
The purpose of this work was to study the structure of the 
chicken MHC complex using DNA cloning techniques. In total, 
60 kb of the chicken MHC class II region were isolated as 
three genomic clones. Each of these three clones contains a 
B-L p gene, as indicated by hybridization and nucleotide 
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Table 2.4. Nucleotide sequence comparison 
CCII-4-1 CCII-7 -1 S19 B12 pl4 HLA-DQ 
CCII-4-1 100 
CCII-7-1 84 100 
S19 84 99 100 
B12 82 86 92 100 
pl4 75 72 73 68 100 
HLA-DQ 61 59 56 57 63 100 
CCII-4-1 100 
CCII-7-1 100 100 
S19 100 100 100 
B12 99 99 100 100 
pl4 91 91 88 90 100 
HLA-DQ 64 64 64 65 66 100 
TM 
CCII-4-1 100 
CCII-7-1 99 100 
S19 100 99 100 
B12 99 98 99 100 
pl4 85 84 84 85 100 
HLA-DQ 63 63 68 62 62 100 
CYT 
CCII-4-1 100 
CCII-7-1 100 100 
S19 100 100 100 
B12 100 100 100 100 
pl4 69 69 69 69 100 
HLA-DQ 29 29 29 29 31 100 
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Table 2.5. Amino acid sequence comparison 
CCII-4-1 CCII-7-1 S19 BÎ2 pÏ4 HLA-DQ 
CCII-4-1 100 
CCII-7-1 74 100 
S19 73 99 100 
B12 73 79 84 100 
pl4 56 56 56 52 100 
HLA-DQ 49 51 50 48 52 
CCII-4-1 100 
CCII-7-1 100 100 
S19 100 100 100 
B12 99 99 100 100 
pl4 84 84 83 83 
HLA-DQ 51 51 52 52 
TM 
CCII-4-1 100 
CCII-7-1 94 100 
S19 100 97 100 
B12 97 97 100 100 
pl4 71 71 73 74 100 
HLA-DQ 46 46 51 49 40 
CYT 
CCII-4-1 100 
CCII-7-1 100 100 
S19 100 100 100 
B12 100 100 100 100 
pl4 50 50 50 50 100 
HLA-DQ 17 17 17 17 17 
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Table 2.6. Genetic code and amino acid symbols 
TTT Phe TCT Ser TAT Tyr TGT Cys 
TTC Phe TCC Ser TAC Tyr TGC Cys 
TTA Leu TCA Ser TAA End TGA End 
TTG Leu TCG Ser TAG End TGG Trp 
CTT Leu CCT Pro CAT His CGT Arg 
CTC Leu CCC Pro CAC His CGC Arg 
CTA Leu CCA Pro CAA Gin CGA Arg 
CTG Leu CCG Pro CAG Gin CGG Arg 
ATT lie ACT Thr AAT Asn AGT Ser 
ATC He ACC Thr AAC Asn AGC Ser 
ATA He ACA Thr AAA Lys AGA Arg 
ATG Met ACG The AAG Lys AGG Arg 
GTT Val GCT Ala GAT Asp GGT Gly 
GTC Val GCC Ala GAC Asp GGC Gly 
GTA Val GCA Ala GAA Glu GGA Gly 
GTG Val GCG Ala GAG Glu GGG Gly 
1. Alanine Ala A 
2. Arginine Arg R 
3. Asparagine Asn N 
4. Aspartic acid Asp D 
5. Cysteine Cys C 
6. Glutamine Gin Q 
7. Glutamic acid Glu E 
8. Glycine Gly G 
9. Histidine His H 
10. Isoleucine He I 
11. Leucine Leu L 
12. Lysine Lys K 
13. Methionine Met M 
14. Phenylalanine Phe F 
15. Proline Pro P 
16. Serine Ser S 
17. Threonine Thr T 
18. Tryptophan Trp W 
19. Tyrosine Tyr Y 
20. Valine Val V 
Figure 2.14. Nucleotide sequences and predicted amino acid 
sequences of CCII-4-1 and CCII-7-1. The coding 
regions (exons) are shown in the three letter 
codon format, whereas the introns and the 
untranslated regions are shown in a continuous 
format. The start and stop codons are 
underlined. The GT and AG dinucleotide 
sequences at the intron/exon limits are also 
underlined. The deduced amino acid sequences 
are shown using the single letter amino acid 






















Figure 2.14 continued 
LP 
MGGG6AGG6GCGTTCCC6GC6CGGG6GCCGT6CTGGTG6CACTCGTG6C6CT6GGA6CC 
M G R G V P G A G A V L V A L V A L G A  
CGGCCGGCCCGGACGAGCTCGGAGCCGCGGCGGGACGGC 








F F Q W T F K A E C H Y L N G T E R A R  
TTTCTGGAGAGGCACATCTACAACCGGCAGCAGTTCATGCACTTCGACAGCGACGTGGGG 
F L E R H I Y N R Q Q F M H F D S D V G  
AAATACGTGGCCGATACACCGCTGGGTGAGCGTCAGGCTGAAATCTGGAACAGCAACGCC 
K Y V A D T P L G E R Q A E I W N S N A  
GAGATTCTGGAGGACGAAATGAATGCAGTGGATACGTTCTGCCGGCACAACTACGGGGTT 
E I L E D E M N A V D T F C R H N Y G V  
GGGGAGTCCTTCACGGTGCAGAGGAGC 






Figure 2.14 continued 
62 
gTG6AGCCCAAG6T6A6G6TCTC6GCGCT6CAGTCG6GCTCCCTGCCCGAAACC6ACC6T 
V E P K V R V S A L Q S G S L P E T D R  
CTGGCGTGCTACGTGACGGGCTTCTACCCGCCGGAGATCGAG6TGAAGTGGTTCCTGAAC 
L A C Y V T G F Y P P E I E V K W F L N  
GG6CGG6AGGAGACGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACG 
G R E E T E R V V S T D V M Q N G D W T  
TACCAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGTGTGCCGG 
Y Q V L V V L E T V P R R G D S Y V C R  
GTGGAGCACGCCAGCCT6CGGCAGCCCATCAGCCAGGCGTGG 







E P P A D A G R S K L L T G V G G F V L  
GGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCGCGGTCAGAAA 







G R P V A A A P  
102 







































M G S G V P G A G A V L V A L V A L G A  
CGGCCGGCCCGGACGAGCTCGGAGCCGCGGCGGGACGGC 
R P A R T S S E P R R D G  
104 








F  F F Y G A I G E C H Y L N G T E R V R  
TATCTGGAACGGGAAATCTACAACCGGCAGCAGTACGCGCACTTCGACAGCGACGTGGGG 
Y L E R E I Y N R Q Q Y A H F D S D V G  
AAATTTGTGGCCGATACACCGCTGGGTGAGCCGCAAGCTGAATACTGGAACAGCAACGCC 
K F V A D T  P L G E P Q A E Y W N S N A  
GAGCTTCTGGAGAACCTAATGAATATAGCGGACGGGCCCTGCCGGCACAACTACGGGATT 
E L L E N L H N I A D G P C R H N Y G I  
CTGGAGTCCTTCACGGTGCAGAGGAGC 






Figure 2.14 continued 
B2 
GTGGAGCCCAAGGTGAGGGTCTCGGCGCTGCAGTCGGGCTCCCTGCCCGAAACCGACCGT 
V E P K V R V S A L Q S G S L P E T D R  
CTGGCGTGCTACGTGACGGGCTTCTACCCGCCGGAGATCGAGGTGAAGTGGTTCCTGAAC 
L A C Y V T G F Y P P E I E V K W F L N  
GGGCGGGAGGAGACGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACG 
G R E E T E R V V S T D V M Q N G D W T  
TACCAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGTGTGCCGG 
Y Q V L V V L E T V P R R G D S Y V C R  
GTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGG 







E T P A D A G R S K L L T G V G G F V L  
GGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCGCGGTCAGAAA 























Figure 2.15. Nucleotide sequence comparison of chicken MHC 
genes. Nucleotide sequence of exons from 
CCII-4-1 (A), CCII-7-1 (B), and S19 (C) were 
compared. Nucleotide differences are indicated 
by *. The corresponding amino acid differences 




M G R G V P G A G A V L V A L V A  
(B) ATGGGGAGCGGCGTCCCGGGCGCGGGGGCCGTGCTGGTGGCACTCGTGGC 
M G S G V P  G A G A V L V A L V A  
(C) ATGGGGAGCGGGCGCGTCCCGGCGGGGGCCGTGCTGGTGGCACTGCTGGC 
M G S G R V P A G A V L V A L L A  
* * ******** ** 
* * * * * 
GC6: insertion of GCG encoding Ala 
GCTGGGAGCCCGGCCGGCCCGGACGAGCTCGGAGCCGCGGCGGGACGGCC 
L G A R P A R T S S E P R R D G  
GCTGGGAGCCCGGCCGGCCCGGACGAGCTCGGAGCCGCGGCGGGACGGC 
L G A R P A R T S S E P R R D G  
GCTGGGAGCCCGGGCCGCCGGCACGCGGCCCTCGGCG 
L G A R P A A G T R P S  
* * * * * ** *** * 
* * * * * *  
fil 
TTCTTCCAGTGGACTTTTAAAGCAGAGTGCCACTACCTGAACGGCACCGAGCGGGCGAGG 
F F Q W T F K A E C H Y L N G T E R A R  
TTCTTCTTCTACGGTGCGATAGGTGAGTGCCACTACCTGAACGGCACCGAGCGGGTGAGG 
F F F Y G A I G E C H Y L N G T E R V R  
TTCTTCTTCTACGGTGCGATAGGTGAGTGCCACTACCTGAACGGCACCGAGCGGGTGAGG 
F F F Y G A I G E C H Y L N G T E R V R  
*** **** *** * ** * 
* * * * * *  *  
TTTCTGGAGAGGCACATCTACAACCGGCAGCAGTTCATGCACTTCGACAGCGACGTGGGG 
F L E R H I Y N R Q Q F M H F D S D V G  
TATCTGGAACGGGAAATCTACAACCGGCAGCAGTACGCGCACTTCGACAGCGACGTGGGG 
Y L E R E I Y N R Q Q Y A H F D S D V G  
TATCTGGACAGGGAAATCTACAACCGGCAGCAGTACGCGCACTTCGACAGCGACGTGGGG 
Y L D R E I Y N R Q Q Y A H F D S D V G  
* * * * * ** 
** 
* * * * * 
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Figure 2.15 continued 
AAATACGTGGCCGATACACCGCTGGGTGAGCGTCAGGCTGAAATCTGGAACAGCAACGCC 
K Y V A D T P L G E R Q A E I W N S N A  
AAATTTGTGGCCGATACACCGCTGGGTGAGCCGCAAGCTGAATACTGGAACAGCAACGCC 
K F V A D T P L G E P Q A E Y W N S N A  
AAATTTGTGGCCGATACACCGCTGGGTGAGCCGCAAGCTGAATACTGGAACAGCAACGCC 
K F V A D T P L G E P Q A E Y W N S N A  
** * * ** 
* * * 
GAGATTCTGGAGGACGAAATGAATGCAGTGGATACGTTCTGCCGGCACAACTACGGGGTT 
E I L E D E M N A V D T F C R H N Y G V 
GAGCTTCTGGAGAACCTAATGAATATAGCGGACGGGCCCTGCCGGCACAACTACGGGATT 
E L L E N L M N I A  D G P C R H N Y G I 
GAGCTTCTGGAGAACCTAATGAATATAGCGGACGGGCCCTGCCGGCACAACTACGGGATT 
E L L E N L M N I A  D G P C R H N Y G I 









G E S F T V Q R S  
CTGGAGTCCTTCACGGTGCAGAGGAGC 
L E S F T V Q R S  
CTGGAGTCCTTCACGGTGCAGAGGAGC 





V E P K V R V S A L Q S G S L P E T D R  
GTGGAGCCCAAGGTGAGGGTCTCGGCGCTGCAGTCGGGCTCCCTGCCCGAAACCGACCGT 
V E P K V R V S A L Q S G S L P E T D R  
GTGGAGCCCAAGGTGAGGGTCTCGGCGCTGCAGTCGGGCTCCCTGCCCGAAACCGACCGT 
V E P K V R V S A L Q S G S L P E T D R  
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Figure 2.15 continued 
CTGGCGTGCTACGTGACGGGCTTCTACCCGCCGGAGATCGAGGTGAAGTGGTTCCTGAAC 
L A C Y V T G F Y P P E I E V K W F L N  
CTGGCGTGCTACGTGACGGGCTTCTACCCGCCGGAGATCGAGGTGAAGTGGTTCCTGAAC 
L A C Y V T G F Y P P E I E V K W F L N  
CTGGCGTGCTACGTGACGGGCTTCTACCCGCCGGAGATCGAGGTGAAGTGGTTCCTGAAC 
L A C Y V T G F Y P P E I E V K W F L N  
GGGCGGGAGGAGACGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACG 
G R E E T E R V V S T D V M Q N G D W T  
GGGCGGGAGGAGACGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACG 
G R E E T E R V V S T D V M Q N G D W T  
GGGCGGGAGGAGACGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACG 
G R E E T E R V V S T D V M Q N G D W T  
TACCAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGTGTGCCGG 
Y Q V L V V L E T V P R R G D S Y V C R  
TACCAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGTGTGCCGG 
Y Q V L V V L E T V P R R G D S Y V C R  
TACCAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGTGTGCCGG 
Y Q V L V V L E T V P R R G D S Y V C R  
GTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGG 
V E H A S L R Q P I S Q A W  
GTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGG 
V E H A S L R Q P I S Q A W  
GTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGG 
V E H A S L R Q P I S Q A W  
CP TM 
GAGCCTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGCTTCGTGCTG 
E P P A D A G R S K L L T G V G G F V L  
GAGACTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGCTTCGTGCTG 
E T P A D A G R S K L L T G V G G F V L  
GAGACTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGCTTCGTGCTG 




Figure 2.15 continued 
GGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCGCGGTCAGAAA 
G L V F L A L G L F V F L R G Q K  
GGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCGCGGTCAGAAA 
G L V F L A L G L F V F L R G Q K  
GGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCGCGGTCAGAAA 
G L V F L A L G L F V F L R G Q K  
CYTI 
GGGCGCCCCGTCGCCGCCGCTCCA 
G R P V A A A P  
GGGCGCCCCGTCGCCGCCGCTCCA 
G R P V A A A P  
GGGCGCCCCGTCGCCGCCGCTCCA 
G R P V A A A P  
CYTIl 
GGGATGCTGAAT 
G M L N 
GGGATGCTGAAT 
G M L N 
GGGATGCTGAAT 
G M L N 
Figure 2.16. Amino acid sequence comparison of MHC proteins. 
Amino acid sequence of CCII-4-1, CCII-7-1, S19 
(Sung, 1989), B12 and pl4 (Bourlet, et al., 
1988), HLA-BQ/9 (Larhammar, et al., 1982), and 
H-2 Aj9 (Malisssen, et al., 1983) were compared. 
The conserved regions are boxed by solid lines. 
The conserved regions between chickens are boxed 
by dashed lines. The disulfide bridges and the 
carbohydrate attachment site (CHO) are shown. 
CP indicated here is connecting peptide. A 
typing error was found in our published paper 
(Xu et al., 1988) and was corrected here: the 
position 198 in CCII-4-1 should be a V instead 




1 CCII-4-1 t'F F Q W T F K APË C HIYTL N G T E R A R 
CCII-7-1 'F F F Y G A I G' E C H'Y'L N G T E R V R 
S19 ! F F F Y G A I G; E C H Î YJL  N G T E R V R 
B12 1 I Si E C HiY.L N G T E R V R 
pl4 ' F F Q W S A T V; E C N G T E R V R 
HLA-DQ/9 RDS P E*"D F V Y Q F K G'M C Y F ^  N G T E R V R 
H-2 A/5 G N S E R H F V V Q F K G E C Y Y T N G TIOIR I R 
1 20 
CCII-4-1 FfllE R H  I Y  N R Q Q! F M,' H  F D  S D  V G K Y'[V T  D ;  
CCII-7-1 Y I L . E  R E  I Y  N R Q Q ' Y  A , H  F D S D  V G K F,V A  D, 
319 Y ' L ' D  R E  I Y  N R Q  Q '  Y  A ' H  F D S D  V G K F'V A  D" 
B12 Y , L ; Q  R Y  I Y  N R Q  Q |  F  T ; H  F D S D  V G KF|V A  D ;  
pl4 FLJJJV R H  V Y  N R JL A Y VLH F D S D  V G L  F I V  A  _Dj 
HLA-DQ)@ L  V  S  R S I Y  N R E E V V R F D S D  V G E F R A  V 
H-2 Af L  V  T  R Y  I  Y  N R E E Y V R S  D  V G E Y R A  V  
4 0  
CCII-4-1 T P L G E]R Q A E I W N S 
CCII-7-1 T P L G E.'P Q A E Y W N S 
S19 T P L G EiP Q A E Y W N S 
B12 S P L G E'P Q A E Y W N S 
pl4 T V L G Ejp S  AIE L UN  S  
HLA-DQy9 T L L G L P A A E Y W N S 
H-2 Afi T E L G R P D A E Y W N S 
N A E I L E D E M N A V 
N A E L L E N L M N I A 
N A E L L E N L M N I A 
N A E L L E N R M N E V 
Q P D V L E K N R A A V 
Q K D I L E R K R A A V 
Q P E I L E R T R A E V 
60 
- S  
CCII-4-1 D  T  F  C  R  H  N  Y  G  V  G  E  S  F  T  V  Q R s 
CCII-7-1 D G P C R H N Y G I L E S F T V Q R s S19 D G P C R H N Y G I L E S F T V Q R s 312 D R F C R H, N Y G G V E S F T V Q R s 
pl4 E M L C N YJ N Y E I V A P L T L Q R R 
HLA-DQ# D R V C R H N Y Q L E L R T T L Q R R 
H-2 AYS IL T A C R H N Y E G P E T S T S ÏTIBJ R L 
80 
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Figure 2.16 continued 
CCII-4-1 
B2 Doma: Ln 
V E P K V 
CCII-7-1 V E P K V 
S19 V E P K V 
B12 V E P K V 
pl4 E P K V 
HLA-DQ/9 V E P ~f V 
H-2 Afi E QIP] N V 
R ! V  
R ' V  
srj 
S ; A  
R ' V  S ' A  





S G S 
S G S 
S G S 
S G S 
R , I  F : A  L  Q  S  G  S  
T I S P S R T E A  
A I S L S R T E A  
100 
P;E1T"D R" 
PI E [T D R 
P ' E I T  D R  
P ' E ' T  D  R  
_ P , Q 1T _ P_R_ 
N  H  H  N  L  






















T G F Y P P E I  E V K W F L N G]R E E T E R V V S 
T G F Y P p E I  E V K W F L N G , R  E E T E R V V S 
T G F Y P p E I  E V K W F L N G ' R  E  E  T  E  R  V  V  S  
T  G  F  Y  P  p  E  I  E  V  K  W  F  L  N  G ' R  E  E  T  E  R  V  V  S  
T  G  F  Y  P  P  E  I  E  V  K  W  F  Q N  G | Q  E  E  T  E  R  V  V  S  
T  D  F  Y  P  A  Q  I  K  V  R  W  F  R  N  D  Q  E  E  T  A  G  V  V  S  









CCII-4-1 rr fD VÎM Q N G D W T Y Û V L V V L E T V fP pM R CCII-7-1 T D  V | M  Q N G D W T Y Q V L V V L E T V P R' R 
S19 T D  V ' M  Q N G D W T Y Q V L V V L E T V P RJ R 
B12 T D  V ' M  Q N G D W T Y Q V L V V L E T V P R, R 
pl4 T D Vjl C N G D W T .Y 0 V L V V L E I  S P m H 
HLA-DQ/S T P L I  R N G D W T F Ql I  II V M '  L E M  T P Q R 
H-2 A/S T Q L I  R N G D W  T F 0 V L V M  L E {  M T P H Q 
160 
8 
1 T V C R V E H A S L R ' Q  P I  s ; Q | A  W 
|s  Y V C R V E H A S L R j Q  P I  s j Q l A  W 
iS V Y C R V E H A S L R i Q  P 1 S i Q i  A  W 
!s  Y V c  R V E H A S L R ' Q  P I  S ' Q ' A  W  
l_ s  Y  V  c  Q  V  E  H  T  S  L  Qlfi. P  I  TL QJ R W  
V  Y  T  c  H  V  E  H  P  S  L  Q S  P  I  T  V  E  W  













Figure 2.16 continued 
CP peptide TM Domain 
CCII-4-1 FEJPRPTALDJA G R S K L L T (5 V G G F V L G L V F L 
CCII-7-1 L E L T I P ,  A I D :  A  G  R S K L L T G V G G F V L G L V , F  L 
S19 ' E I P I P I A ' D I A  G  R S K L L T G V G G F V L G L VF L 
B12 ÎE|P!P;A1D|A G R S K L L T G V G G F V L G L V ' F  L 
pl4 IEJPIPJGIDJV S R S K _L L M G V. G G F V L G L X.Y L 
HLA-DQ)9 R A Q S E S A Q S K M L S G I G G F V L G Ï- I F L 













I H HTR 































S J P  
G P R G P P P A  
iG M L 
G M L N, 
G M L N' 
G M L 
G I L 
G L L H 
G L L Q 
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sequencing with pi, p2, TM, CYT and 3* UT exon probes. 
Restriction mapping results of these three clones showed that 
they do not share any restriction sites. 
Analysis of subclones (CCII-4-1 and CCII-7-1) showed that 
these two clones contain a complete chain gene including the 
3» UT region (Figure 2.16). Comparing MHC class II genes in 
human and mouse, p genes are more conserved than a genes, and 
the most conserved segment is the p2 exon. This is the reason 
that the human DQ/S gene was originally selected as the cross 
hybridization probe for the chicken DNA. However, the chicken 
library from which the probe was selected was from a chicken 
of unknown MHC haplotype. Therefore, we constructed a new 
library from a chicken of known MHC haplotype. The library 
used in the present study was produced from DNA isolated from 
a B® rooster of the inbred G-B2 line. The G-Bl and G-B2 lines 
are highly inbred (>99%) and are congenic at the B complex. 
These lines have been defined for, and found to differ at, 
several parameters of immune response, disease resistance, and 
MHC antigen structure (Schierman et al., 1977; Parker and 
Schierman, 1983; Pink and Rijnbeek, 1983; Flanagan et al., 
1984; Pink et al., 1985; MacCubbin and Schierman, 1986; and 
Parker and Schierman, 1987). Use of these inbred chicken 
lines, which have been well-characterized for genetic, 
immunological and biochemical traits related to their MHC 
haplotypes, will be particularly valuable as the fine 
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structure of the chicken HHC is elucidated. Utilization of 
lines of known genetic compositions is essential to achieve a 
long-range goal of isolating beneficial alleles for gene 
transfer. 
Study of the DNA structure of the chicken MHC should shed 
light on the evolution of the HHC (Figueroa and Klein, 1986). 
Recent studies of chicken immunoglobulin (Ig) light chain 
genes indicate that mechanisms occurring In chicken gene 
systems may not have a common homolog in mammalian gene 
systems. The generation of diversity of antibody 
specificities in mammals is by Ig gene rearrangement in the B 
lymphoid cell lineage (Kindt and Capra, 1984). Chickens 
possess only a single light chain Isotype (Grant et al., 1971) 
and yet they display heterogeneity in circulating Ig light 
chains, as evaluated by isoelectric focusing (Jalkanen et al., 
1984). Diversification of the chicken light chain genes 
occurs in the bursa of Fabrlcius during B cell ontogeny by a 
mechanism of segmental gene conversion (Reynaud et al., 1987). 
In this "patchy" gene conversion, which occurs at a rate 
unprecedented in other eukaryotes, 25 V pseudogenes serve as 
donors to the VL gene. Genomic blotting has shown that 
rearrangement and diversification occurs in the bursa alone 
and commences between embiryonic days 15 to 18 (Thompson and 
Neiman, 1987). Thus, DNA analysis has revealed unique 
features of the chicken Ig gene system. Other genes of the 
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chicken immune system, including the HHC genes, should 
therefore be analyzed for variations from their mammalian 
counterparts. 
In humans, a total of eight p genes have been described to 
date. In mice, five (in some strains, four) p genes are 
known. The present study suggests that a minimum of three HHC 
class II p genes exist in chickens of the haplotype. Our 
finding of multiple class II genes in the chicken is in 
agreement with studies at the protein level (Crone et al., 
1981; Guillemot et al., 1986 and Brogren and Bisati, 1980) and 
with recent studies at the DNA level (Behar et al., 1988; 
Bourlet et al., 1988; Andersson et al., 1987; Guillemot et 
al., 1988; Warner et al., 1989) which suggests that there are 
multiple class II p genes in the chicken MHC. Indeed, with 
the isolation and characterization of three B-L p gene genomic 
clones we were able to show that the B® chicken has at least 
three MHC class II p chain genes. 
The chromosomal location of the three isolated clones was 
studied by doing Southern blots of DNA from chickens having 
varying numbers of MHC-bearing chromosomes. The same amount 
of DNA from chickens containing either two, three, or four 
copies of the microchromosomes encoding the MHC was used to 
hybridize with either CCII-2-1, CCII-4-1, or CCII-7-1 probes. 
As the number of copies of MHC-bearing chromosomes increased, 
the intensity of the bands on the autoradiograms was found to 
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get stronger (Xu et al., 1989). The results show that the 
three genomic clones are encoded in the chicken MHC-bearing 
chromosome (Bloom et al., 1988 and Delany et al., 1988). The 
B-L genes of CCII-4-1, CCII-7-1 and B12 seem to belong to the 
same family (Tables I and II). In the evolution of the 
chicken MHC class II fi genes, it seems probable that the B^  and 
b'^  haplotypes diverged from the haplotype from which pl4 was 
derived before B6 and B12 diverged from each other. 
The alignment presented in Figure 2.18 allows us to compare 
the chicken MHC class II region with other sequences (Brown 
et al., 1988). In the ^ 1 domain, which is involved in antigen 
and T cell recognition, there are many unique characteristics 
in the chicken MHC class II chain, such as species-specific 
residues which mostly exist in chickens (E9, D45, E50, for 
example). The charge pair (R67+E71- in pl4, R67+D71- in HLA-
DQ) between residues 67 and 71 has disappeared in CCII-4-1 and 
CCII-7-1 due to a R-M67 mutation. Thus, the secondary 
structure of the chain predicted from other species (Brown 
et al., 1988) may not be completely applicable to the chicken. 
In addition to the unique features of chicken class II 
chains, there are highly conserved regions in each domain 
which may play an important role in MHC class II function and 
be conserved during evolution. For example, in the /91 domain, 
the conserved segments are NGTER (residues 14-18), FDSDV6 
(residues 35-40), the charged pair (R20+D38-), the disulfide 
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bond (C10C74), and N14 for carbohydrate attachment. The 
peptide NGDWT (residues 145-149) and the peptide GGFVLGL 
(residues 199-205) are also conserved in the /92 and TM 
domains. There are many other conserved regions in the MHC 
class II p chains (Figure 2.18). Thus, many structural 
features of the class II p chain genes are the same for the 
chicken and mammals. 
2.4.2 Mechanisms for generation of the B-Lfl chain diversity 
By comparing the nucleotide sequence of the MHC class II 
genomic DNA from the haplotype chicken with the sequence of 
the MHC class II cDNA (Sung, 1989) from the same chicken 
haplotype, the differences were revealed. Theoretically, the 
exons of the genomic sequence should match its corresponding 
cDNA completely. The longest cDNA clone, S19 shared 99.8% 
(fl), 100% (f2), 99.1% (TM), and 100% (CYT) with CCII-7-1. 
When the S19 and CCII-4-1 were compared, however, only 
83.9%(fl), 100% {p2), 100%(TM), and 100% (CYT) homologies were 
found. There are several possible reasons that might account 
for the generation of this diversity. 
First, more than three B-1^  genes have been found in the B^  ^
haplotype chicken (Guillemot et al., 1988). Thus, because our 
library was only 86% complete, we may have missed a genomic 
clone which corresponds exactly to the cDNA clone. 
Second, the chicken MHC class II genomic clones were 
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constructed from chicken sperm genomic DNA while the cDNA 
clones were synthesized from chicken liver and spleen mRNA. 
The cDNA sequences may reflect changes occurred during gene 
rearrangement whereas the genomic DNA sequences represent the 
unrearranged embryonic DNA. Some signals for regulation of 
gene rearrangement and tissue specific gene expression are 
probably involved in this process. 
Third, a hypermutational mechanism (gene conversion or 
segmental exchange, McConnell et al., 1988, and Maizels 1987) 
has been suggested by Sung for generating the B-Lfi gene 
diversity (1989). This mechanism actually occurs during 
chicken immunoglobulin light chain gene rearrangement. In 
germline DNA, twenty-five pseudo-V genes are clustered within 
a 20 kb stretch of DNA located several kilobases upstream of 
the single functional V gene. Sequence analysis of the 
rearranged genes has revealed that extensive sequence 
diversification has occurred, and that this diversification is 
restricted to the V regions of the rearranged DNA. 
Remarkably, almost all the new sequences matched sequences 
available from the V pseudogene pool. It is strongly 
suggested that the pseudogenes serve as donors for 
diversification of the rearranged DNA by a mechanism of 
segmented gene conversion that occurs at an unpredecented rate 
for higher eukaryotes. Conversion events extend from 10 to 
more than 120 bp (Reynaud et al., 1987). These pseudogenes 
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cannot code for a functional protein domain. They either have 
truncated 5* or 3* coding regions or present an incorrect 
recombination signal; moreover they lack leader sequences and 
transcriptional signals. The most conserved pseudogenes seem 
to be the most frequently used. The molecular basis of this 
mechanism is the extensive homology between donor and acceptor 
genes (Weill and Reynaud, 1987). Gene conversion should be 
limited to sequences with homologous segments within the 
genome (Thompson and Neiman, 1987). 
The structure of a mutant H-2 gene also suggests that the 
generation of polymorphism in the mouse HHC class I genes may 
occur by gene conversion-like events (Weiss et al., 1983). It 
has been suggested that genetic interaction between class I 
genes may be the major driving force behind the production of 
K*' mutants as well as the generation of diversity in H-2 
genes. It may also play an important role in the ongoing 
evolution of the MHC (Nathenson et al., 1986). 
The CCII-2-1 clone from the same genomic library as CCII-4-1 
and CCII-7-1 is a likely candidate to be a pseudogene donor. 
Comparing CCII-2-1 with CCII-4-1 and CCII-7-1, suggests that 
CCII-2-1 has several unique characteristics. First, it did 
not hybridize with 0NA2 (B-Lfi chain, fil specific 
oligonucleotide probe) and ON39 (B-L p chain, 3*UT specific 
oligonucleotide probe) whereas CCII-4-1 and CCII-7-1 did. We 
still do not know whether or not the CCII-2-1 clone contains 
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the pi and the 3'UT regions. Either these exons are absent or 
their sequences are different enough from CCII-4-1 and CCII-7-
1 so that the probes cannot recognize them. Differences 
between CCII-2-1 and CCII-4-1/CCII-7-1 were also detected with 
the p2 (p234) and the TH (p432) probes. Also, the class I 
cDNA probe (FlO) cross-hybridized with the class II gene 
conserved region (f2, TM, and CYT) in CCII-4-1 and CCII-7-1, 
but FlO could not detect any signal from CCII-2-1. 
Hybridization of the B-I^  probes, p234 (/92) and p432 (TM) with 
CCII-2-1 showed that CCII-2-1 definitely contains the P2 and 
TM regions. These two regions {P2 and TM) in the B-I^  chain 
are different in that the class I probe detected the 
differences between the p2 and TM regions of the three genomic 
clones while the class II probes failed to. The changes can 
be revealed by the relatively low affinity probe instead of a 
high affinity one. Finally, the restriction map of the CCII-
2-1 clone showed that many enzyme recognition sites were 
changed by comparing them with those from CCII-4-1 and CCII-7-
1. These changes reflect the nucleotide sequence changes in 
the gene. Once the complete sequence of CCII-2-1 is 
determined the answers to some of these questions should be 
elucidated. 
The gene conversion mechanism seems to be promoted by the 
high 6+c content of H-2 introns (Weiss et al., 1983) as well 
as in the human 7 globin gene (Slighton et al., 1980). In the 
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CCII-4-1 and CCII-7-1 sequences, exceptionally high G+C 
content was found in the introns, which is probably to enhance 
pairing of homologous sequences because of the stability of G-
C pairing compared with A-T pairing. 
The nucleotide sequence differences between the genomic 
clones and cDNA clones were also observed in the leader 
sequence. Since the pseudogene generally does not have the 
leader sequence, this diversity can be generated by an 
additional mechanism. 
Next, a gene duplication event may occur to generate the 
differences between the B-Iv9 genes. In the murine Aa immune 
response gene, regions of allelic hypervarlability are 
probably generated by gene duplication events. After a gene 
duplication event, one of the copies acquires a degree of 
sequence instability due to a high rate of point mutations, 
while the other copy is subject only to slow drift. This 
hypothesis needs no control region to make one of the copies 
more susceptible to mutagenesis. This mechanism would allow 
evolutionary experimentation to occur on one of the copies, 
while preserving the other relatively intact, thus extending 
the value of gene duplication in evolution (Benoist et al., 
1983). In this theory, instead of the rapid generation of 
diversity in MHC genes through gene conversion, the 
polymorphism would arise from the steady accumulation of 
mutations over long evolutionary periods and the multiple 
f 
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specific alleles would survive speciation (McConnell et al., 
1988) . 
2.4.3 Regulation of class II aene expression 
The IFN-7 can increase class II expression on some cell 
types. The B cell growth factor (IL-4) has also been shown to 
increase class II expression on resting B cells. Cis-acting 
regulatory sequences have been found that regulate class II 
gene expression. 
Class II genes of mammals generally lack TATA-like 
sequences. CCAAT sequences are also sometimes absent. On the 
other hand, two highly conserved regions of about 13 and 10 bp 
termed the X and Y boxes occur between positions -115 and -100 
and positions -80 and -70 with respect to transcription 
initiation (X consensus sequence: 5' CCC/TAG-A/GACAGAT 3', Y 
consensus sequence: 5' CTGATTGGC/TT 3'). The distance 
between the X and Y boxes (20-21 bp) is conserved for all 
genes. Deletion analysis suggests that both of these regions 
comprise positive regulatory elements. The immunoglobulin 
octamer, 5' ATTTGCAT 3' (70-100 bp upstream) has also been 
discovered in the class II genes for which sufficient sequence 
data are available, but its location is not conserved, as it 
exists even in the first intron. Enhancer like elements are 
also involved in the regulation of class II gene expression. 
They are present in both 5'-flanking region and introns (Dorn 
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et al., 1987, Kappes and Stromlnger, 1988). The IFN-7 
response region which contains the W-box is also present in 
the class II gene regulatory region. The IFN-7 can increase 
the expression of the class II genes (Kappes and Strominger, 
1988). 
Similar conserved boxes which regulate MHC class II gene 
expression were found in the rabbit MHC class II regulatory 
region. They are designated Conserved A (CCCAGCGAGTGAT6) and 
Conserved B (CCCATTG6TT). Both sequences are acting as 
positive regulators (Sittisombut, 1988). 
A comparison of the regulatory regions described above was 
made with the two chicken genomic clones, CCII-4-1 and CCII-7-
1. The 5' end flanking region from CCII-4-1 and CCII-7-1 were 
examined for the X and the Y boxes. The two genomic sequences 
do not contain identifiable X and Y boxes at the expected 
position. Ig octamer-like sequences and other conserved 
sequences mentioned above were also not detected, suggesting 
that the chicken MHC class II may have regulatory systems that 
differ from those of the mammalian MHC class II genes. 
2.4.4 The class I and class II genes in the chicken 
Guillemot et al. (1988) have mapped the chicken MHC class I 
genes (B-F genes) onto three cosmid clones. Two of these 
clones showed close linkage of the class I genes to the class 
II p genes (B-Iv? genes) in two clusters, and a third clone was 
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linked to the nucleolar organizer in a third cluster. A 800 
bp BamHI fragment from a 320 kb B-Iv? cosmid clone that 
hybridizes to transcripts present in all tissues tested (B 
cell, T cell, liver, spleen, thymus, bursa of Fabricius) was 
used to screen a liver cDNA library and to map the B-F genes. 
The chicken B complex appears very different from mammalian 
MHCs in that the distances between genes within a region and 
the distances between class I and class II regions are much 
shorter between genes within a region as well as between the 
class I and class II regions. Some non-MHC genes(such as the 
nucleolar organizer) were also found within the B complex. 
This shows that the B complex does not contain well defined 
class I and class II regions since B-F and B-I^  genes are 
closely associated with unrelated genes. A total of four 
clusters were described which cover 320 kb of the B complex: 
cluster I, (Bligl-BIigll) —20kb— (BFI-BFII) —lOkb— (BFIII-BFIV) , 
cluster II, (BFV)—lOkb—(BFVI)—lOkb—(BI^ III), cluster III, 
BIvSIV rRNA, cluster IV, BI^ . 
Our results showed that the class I probe (FIO) which is the 
longest cDNA clone from the chicken liver cDNA library 
mentioned earlier (Guillemot et al., 1988) actually cross 
hybridized with class II p chain genes. The FIO probe gave 
very strong hybridization signals to the conserved regions 
(/92, TM, and CYT cluster) but not the variable pi region in 
the Blv9 chain genes (Figures 2.11 and 2.12). The pi gene 
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involved in antigen recognition is the least conserved region 
in the B-I^  genes. The enzymes (PstI, Pstl/SstI in CCII-4 and 
PstI, Pstl/Hindlll in CCII-7) which can separate the variable 
pi and conserved ^ 2-TM-CYT cluster revealed the difference 
between hybridization of the B-F (FIO) and the B-I^  (S3) 
probes. The B-F probe can only detect the conserved region of 
the B-Iv9 chain gene, the B-L probe, on the other hand, can 
detect both variable (j81) and conserved regions of the B-I48 
chain gene. In this case, this cross hybridization between 
class I and class II could have resulted from either the 
presence of short regions of high homology between two 
unrelated genes or the presence of relatively long stretches 
of low homology between related, but highly divergent genes. 
The second mechanism probably reflects the relationships 
between the class I and class II genes. Both of them belong 
to the Ig supergene family with similar domain structures. 
The class I protein contains the variable al and a2 domains 
involved in Ag recognition and cell-cell interaction as well 
as the al and pi domains of the class II protein. The a3 
domain of class I, the q2 domain of the class II a chain, and 
the p2 domain of the class II p chain are less variable 
(Bjorkman et al., 1987a and 1987b, Brown et al., 1988). The 
sequences of the a3 domain from the class I gene and the p2 
domain from the class II p gene share long stretches of low 
homology which reflect their similar function. This 
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conclusion was confirmed by comparison of the a3 domain of the 
FIO probe and the domain of S3 probe. 
We did not detect any specific B-F signal in CCII-2, CCII-4, 
or CCII-7. This indicates that the clones from the genomic 
library are not long enough to contain the B-F genes. There 
is also a chance that the putative B-F genes identified by 
Guillemot et al. (1988) are actually B-L genes. The 
nucleotide sequence of the putative molecule only has a small 
degree of amino acid sequence similarity with the class I 
molecules from mammals (32-47% in ol, 40-52% in a2, 32-36% in 
a3, 24-38% in TM). The B-F gene only contains a 10 aa CYT 
tail instead of 39 in mouse and 30 in human). 
Thusy it seems that the identification of the chicken MHC 
class I genes is still uncertain. 
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3 ANALYSIS AND CHARACTERIZATION OF THE SWINE MHC 
3.1 Introduction 
Determination of the location and the order of the class I, 
II, and III genes in the SLA complex will help us to study the 
human system by using the pig as a model because of the close 
relationship between the pig and human. It will also help us 
to understand relationships between the SLA complex and immune 
responsiveness, disease resistance, growth and reproductive 
traits, and many other important features related to pig 
health. Selective breeding and gene manipulation should then 
be possible for improving pig production (Warner and 
Rothschild, 1990). 
In this thesis, the SLA genes were mapped by pulsed field 
gel electrophoresis (PFGE) (Lai et al., 1989) along with the 
conventional Southern blotting method. PFGE has been used to 
separate and analyze DNA fragments as large as 1000 kb (1 Mb) 
and to generate a full-scale molecular map of the human MHC, 
as well as other large chromosomal regions. 
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3.2 Materials and Methods 
3.2.1 Animals 
Miniature swine of three SLA haplotypes (SLA â/ £» and â) 
and one intra-SLA recombinant line (SLA g) developed by Sachs 
et al. (Sachs et al., 1976) and Pennington et al. (Pennington 
et al., 1981) were brought to Iowa State University in 1982 
from the NIH Animal Center. All the inbred and recombinant 
miniature swine used in this study were bred and maintained at 
the Bilsland Swine Breeding Farm of Iowa State University. 
The SLA haplotypes of bred miniature swine were serologically 
determined by using a microcytotoxicity assay as previously 
described (Rothschild et al., 1983). Swine of the aa, gc, dd. 
and gg haplotypes were used for these studies. 
3.2.2 Probes 
The class I probe was derived from a pig haplotype d genomic 
sequence, pDlA, provided by Dr. D. Singer at NIH (Bethesda, 
MD). pDlA was a 4.3 kb BaroHI/Hindlll fragment containing 
exons 1 to 7 coding for L, ol, a2, o3, TM, CYT, and 3'UT 
regions. The probe used in this study was a BamHI/SacI 
fragment of 2.5 kb containing exons 2 to 7 (Ehrlich et al., 
1987, Satz et al., 1985, Singer et al., 1982 and 1988). One 
î 
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of the class II probes, SLAII, was a sequence produced by the 
polymerase chain reaction (PGR) using the genomic DNA of a pig 
with haplotype The SLAII probe corresponded to the a2 exon 
of the SLA class II DQa gene (Figure 3.1). The two primers 
for PGR were designed based on the cDNA sequences from 
haplotype £ and d pigs. Both primers were also examined by 
using MICROGENIE software (Beckman, CA), and were found to 
have no homology with the pig class I genomic sequence, pDl 
and pD14, and the cDNA sequence, pD6 (obtained from the 
GENBANK data system at Northeastern University). Four other 
pig class II probes, pdDQa-16.2, pdDQ^ -lO.A, pdQRa-11.1, and 
pdDR^ -14.D, were derived from pig haplotype â cDNA clones 
(Figure 3.2). The cDNAs were cloned into the Okayama-Berg 
vector in the BamHI/PstI sites. The cDNA probes were provided 
by Dr. Rothschild at Iowa State University (Ames, lA), and 
were originally produced by Dr. David Sachs at NIH 
(Gustaffsson et al., unpublished). 
The class III probes were from HLA class III cDNA, 
designated pG201 (G2 region), pFB3b (Bf region), and pAT-F (G4 
region). The G2 probe used here was excised with Clal and 
BamHI from a cDNA clone pG201 generously provided by Dr. 
Bentley (Department of Biochemistry, Oxford University, 
Oxford, UK) (Bentley et al., 1984). This cDNA Insert is about 
0.4 kb and encodes a short region of the human C2 protein near 
its carboxy-terminus (Figure 3.3). Two probes, Ba and Bb, 
Figure 3.1. PGR amplified SLA class II probe. Agarose gel 
showing the purification of the probe, SLAII. 
Three PGR reaction mixtures (240 /il) were loaded 
onto a 1% agarose gel containing 1% EtBr. The 
molecular weight marker used here is the 1 Kb 
ladder (BRL, Gaithersburg, MD). The big bright 
band of the PGR product can be cut out and 
purified. 
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Figure 3.2. SLA class ZI probes. Schematic diagram showing 
the swine HHC class II cDNA from which the four 
class II probes were derived. Start codons 
(+1 bp) and stop codons are indicated in the 
cDNA sequences. The restriction sites at which 
the probes were cut out are also indicated in the 
cDNAs. The fragments used as the specific probes 
are illustrated by dotted bars. pdDRa-11.1 is 
the 1130 bp BamHI fragment from a swine DRa cDNA. 
pdDR^ -14 is the 1150 bp BamHI/SacI fragment from 
a swine DR^  cDNA. pdDQa-16.2 is the 800 bp 
EcoRI/EcoRI fragment from a swine DQa cDNA. 
pdDQ/9-lO.A is the 1100 bp BamHI/Hindlll fragment 
from the swine DQy? cDNA clone. The enzyme 
abbreviations are: B, BamHI, P, PstI, S, Sad, 
E, EcoRI, and H, Hindlll (Gustafsson et al., 
unpublished, Hirsch et al., 1990, Pratt et al., 
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Figure 3.3. HLA class III probes. Schematic diagram 
illustrating the HLA class III cDNA from which 
the probes were derived to detect the SLA class 
III genes. (A) The human C2 cDNA clone, pC201, 
from which the probe C2 was derived. C2 was a 
0.4 kb Clal/BamHI fragment (Bentley and Porter, 
1984). (B) The human Bf cDNA clone, pFB3b, from 
which the probes Ba and Bb were derived. The Ba 
and Bb were prepared by a Clal/BamHI double 
digestion of pFB3b (Morley and Campbell, 1984). 
(C) The human C4 cDNA clone, pAT-F, from which 
the probe C^ p-a and C4o-Tf were derived. CAp-a and 
C4a-7 were also prepared by a Clal/BamHI double 



























were used in the study of mapping the Bf genes. Both of them 
were derived from the pFB3b cDNA clone which was provided by 
Dr. Campbell (Department of Biochemistry, Oxford University, 
Oxford, UK) (Morley and Campbell, 1984). The pFB3b clone 
contains a 2.3 kb fragment which encodes the mature Bf 
protein. After Clal/BamHI double digestion, two cDNA inserts 
were produced, a 0.66kb fragment encoding most of the Ba 
sequence and a 1.6 kb fragment encoding the whole Bb sequence 
with a very short Ba and 3'-untranslated sequence. Two C4 
probes were used, C^ p-a and C4a-7. Both of them were derived 
from the pAT-F clone (Belt et al., 1984 and Carroll et al., 
1984a,b), which was generously provided by Dr. Carroll 
(Department of Pediatrics, Harvard Medical School, Children's 
Hospital, Boston, MA). The pAT-F clone contains a 4.8 kb 
insert which encodes most of the p chain, the complete a 
chain, and the complete 7 chain. After Clal/BamHI double 
digestion of the pAT-F clone, two fragments were produced, a 
2.5 kb C4/9-a and a 2.3 kb C4a-7. 
All the probes used for the SLA study except SLAII were 
amplified and prepared by the CsCl-EtBr method as described by 
Maniatis et al. (1982) and Sambrook et al. (1989). The probes 
are summarized in Table 3.1. 
After the recombinant plasmid DNAs containing the probes 
were isolated by the CsCl-EtBr method, they were cut with the 
appropriate restriction enzymes. The pure insert DNA was then 
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isolated by agarose gel electrophoresis, electroelution. 
Table 3.1. Description of the probes for SLA mapping 
Name Species of Specificity Size (kb) Reference 
Origin 
pDlA pig d SLA class I 2.7 1 
pdDRa-ll.l pig d SLA DRa, class II 1.13 2 
pdDR/9-14. D pig d SLA DR^ , class II 1.15 2 ,  3 
pdDQa-16.2 pig â SLA DQo, class II 0.8 2 
pdDQ/8-lO.A pig d SLA DQP, class II 1.1 2 ,  3 
C2 human HLA C2, class III 0.4 4 
Ba human HLA Bf, class III 0.66 5 
Bb human HLA Bf, class III 1.60 5 
C4/9-a human HLA C4, class III 2.5 6 
C4a-7 human HLA C4, class III 2.3 6 
SLAII pig d SLA DQo, class II 0.2 2, 7 
1. Singer et al., 1988. 
2. Hirsch et al., 1990, 
1988. 
3. Gustafsson et al., unpublished. 
4. Bentley and Porter, 1984. 
5. Morley and Campbell, 1984. 
6. Belt et al., 1984, Carroll et al., 
7. Produced by PCR. 
Pratt et al., 1990, Sachs et al. 
1984. 
phenol extraction, and ethanol precipitation. The inserts 
were labelled by the random priming method with high activity 
o^ P-dCTP (6000Ci/mmol, NEN, Boston, MA) to specific activities 
of approximately 1 k 10® cpm//ig DNA. 
3.2.3 Isolation of genomic DNA from nia blood 
Pig genomic DNA was isolated from white blood cells. A 
total of 10 ml of blood was collected from each haplotype. 
After lysing the red blood cells twice at 4*C for 5 min each 
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in the RBC lysis solution (0.83% NH^ Cl, 0.1 mM EDTA, 10 mM 
KHCOg, pH 7.2), the white blood cells were harvested by 
centrifugation at 1000 x g. The white blood cells were then 
lysed in 10 ml of lytic solution (10 mM Tris.HCl, pH 8.0, 10 
mM EDTA, 0.6% SDS) in the presence of 100 ng/ral ribonuclease A 
(Boehringer Mannheim, Indianapolis, IN) for 1 h at 37"C. The 
samples were then digested with proteinase K (500 pg/ml) 
(Boehringer Mannheim) overnight at 37"C. DNA was extracted 
gently once with an equal volume of 0.1 M Tris-HCl buffer (pH 
8.0) equilibrated phenol, twice with an equal volume of 
phenol-chloroform-isoamy1 alcohol (1:1:0.04 v/v/v), and twice 
with an equal volume of chloroform-isoamyl alcohol (1:0.04 
v/v). The samples were then dialyzed against TE buffer at 4'C 
overnight. Genomic DNA isolated by this method has an average 
size of 50 kb, as shown by electrophoresis on a 0.8% agarose 
gel (data not shown). 
3.2.4 Preparation of high molecular weight pia DNA for PFGE 
Pig blood was collected from a, c, d, and g haplotype 
individual pigs. Ten ml of blood from each pig were mixed 
with 30 ml of red blood cell lysis buffer containing 155 mM 
NH4CI, 10 mM NH4HCO3, and 0.1 mM EDTA (pH 7.4). After a 15 min 
incubation at 4'C to allow lysis of the RBC, the white blood 
cells were collected by centrifuging 10 minutes at 1000 x g in 
a table-top centrifuge (TJ6, Beckman) (Herrmann and Frischauf, 
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1987). The supernatant was discarded. The white blood cells 
were resuspended at 4-6 x 10^  cells/ml in RSB (10 mM NaCl, 10 
nM Tris.HCl pH 7.5 and 25 mM EDTA). To form the plugs, 1% low 
melting point agarose (InCert agarose from FMC Bioproducts, 
Rockland, Maine) was mixed with an equal volume of cells. The 
plugs were removed from the mold and the nuclei were lysed for 
48 hours at 50*C in RSB with 1% SDS, 1% sodium lauryl 
sarcosine and 500 ftg/ml protease K. After being washed in TE 
buffer (pH 8.0, 10 mM Tris.HCl and 1 mM EDTA), the plugs were 
incubated at 50"C with 0.40 ng/ral PMSF (phenylmethyl-
sulphonylfluoride to inactivate protease K and finally stored 
in 0.5 M EDTA (pH 8.0) at 4"C (Brown and Bird, 1986, Hardy et 
al., 1986, Poustka et al., 1987, Schwartz and Cantor, 1984). 
3.2.5 Preparation of molecular weight markers for PFGE 
A total of 180 fil of bacteriophage A DNA (0.5 ng/nl, BRL, 
Gaithersburg, MD) was denatured at 65"C for 10 min and then 
slowly cooled to room temperature. (The A DNA must be used 
immediately upon arrival or it loses its cohesive ends.) Four 
and a half ml of ligase buffer (2% polyethylene glycol, MW 
8000, 2 mM DTT, and 2 mM ATP) and 54 Weiss units of T4 DNA 
ligase (New England Biolabs, Inc., Beverly, MA) were then 
added along with an equal volume of 1% low melting point 
agarose in 20 mM MgClg, 100 mM Tris (pH 7.5). The mixture was 
allowed to solidify on ice. The resulting plugs were immersed 
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in an equal volume of ligase buffer and incubated at room 
temperature for 24 hours. The samples were then stored in 50 
mM EDTA (pH 8.0) at 4"C and could last for at least 3 months 
(personal communication with Dr. W-R. Lie, Washington 
University, St Louis, MO). Another set of molecular weight 
markers used here was the Saccharomvces cerevisiae chromosomal 
DNA (CRV, from FMC Bioproduct, Rockland, ME). The sizes of 
the bands produced by MW markers are summarized in Table 3.2. 
Standard curves for each gels were drawn: logarithm MW of the 
fragments was plotted vs. migration (centimeter, cm) for each 
individual gel. Sizes of bands revealed on autoradiograms 
were determined by these standard curves. 
Table 3.2. Molecular weight markers for PFGE 
CRV chromosomal DNA Lambda DNA ladders 
Band No. kb Band No. kb 
15 1900 20 970.0 
14 1100 19 921.5 
13 1080 18 873.0 
12 950 17 823.5 
11 210 16 776.0 
10 820 15 727.5 
9 790 14 679.0 
8 750 13 630.5 
7 680 12 582.0 
6 600 11 533.5 
5 550 10 485.0 
4 440 9 436.5 
3 360 8 388.0 
2 280 7 339.5 







3.2.6 Restriction enzyme digestion 
The fragments of mammalian DNA generated by the majority of 
restriction enzymes range from 0.1 kb to 50 kb, which are 
smaller than the size range (20-1000 kb) necessary for 
effective mapping of large chromosomal regions such as the 
MHC. The enzymes used in this study were initially selected 
as those which recognize eight basepair cleavage sites and/or 
contain CpG in their recognition sequences. Because of the 
rarity of CpG in the mammalian genome, these enzymes were 
expected to generate fragments that are large enough to map 
the MHC genes. The selection of the enzymes for the SLA 
mapping was also based on the restriction enzymes used in the 
HLA mapping because of the known similarities between swine 
and humans (Dunham et al., 1987, Hardy et al., 1986, and 
Lawrance et al., 1987). 
The procedure used for restriction enzyme digestion of DNA 
in gel plugs was a modification of the method by Smith et al. 
(1988). The gel plugs containing the pig genomic DNA from 
haplotypes a, c, d, and g pig blood were washed in TE buffer 
with 0.1 M PMSF at room temperature overnight (10 ml solution 
for 10 plugs), and in TE buffer only for 2 hr twice. These 
wash steps eliminated proteinase K, which can degrade the 
restriction enzymes. The plugs were then digested with 
different restriction enzymes from Stratagene (La Jolla, 
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California). A total of 200 fil of buffer were used for each 
single gel plug (plug itself is 100 nl) with a final volume of 
300 fil. The reaction was carried out at 37 "C except some 
enzymes required 50"C for 16 hours. The reaction was stopped 
by adding an equal volume of 0.5 M EDTA, and the plugs were 
stored at 4°C. 
3.2.7 Pulsed field gel electrophoresis 
An LKB 2015 Pulsaphor Electrophoresis System (Pharmacia LKB 
Biotechnology, Uppsala, Sweden) was used for separating high 
molecular weight DMA. The gel solution was prepared by adding 
1.1 g Seakem 6T6 agarose (FMC Bioproducts, Rockland, Maine) in 
110 ml of 0.1 M TBE buffer (1.0 M TBE stock: 121.1 g Tris 
base, 61.8 g boric acid, and 7.4 g NagEDTA.ZHgO). The agarose 
was melted and then poured into the 15 x 15 cm frame with the 
comb placed 1 cm from the right edge of the gel. The frame 
was placed in a "square" position on the supporting tray. The 
comb tooth size is 2 x 5 x 10 mm which is identical to the 
size of the gel plug containing the DNA sample. 
A total of 2.4 liters of buffer were poured into the tank 
and cooled to 12'C with a Lauda/Brinkmann K-2/R refrigerated 
circulator (Brinkmann Instruments, Inc. Westbury, New York) 
for half an hour before initiating a run. After inserting the 
gel plugs containing the DNA sample into the wells of the 
solidified gel, the electrophoresis was performed at 170 volts 
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constant voltage with a 100 second pulse time for 40-42 hours 
at 12"C. The current limit was set at 400 mA. The Hexagonal 
Electrode Array was used. The conditions of each 
electrophoresis run were based on the size of the DNA 
fragments which needed to be efficiently separated (LKB 2015 
pulsaphor instruction Manual with some modifications). The 
gel after each run was stained in 1000 ml of 0.1 M TBE with 
0.5 ml of 1 mg/ml EtBr for 30 minutes and destained in 1000 ml 
of 0.1 H TBE for 30 minutes. The DNA bands and markers were 
then visualized under UV light and photographed by using a 
Foto/PrepI system (Fotodyne, New Berlin, Wisconsin). 
3.2.8 Southern blot and hybridization 
For hybridization of the nitrocellulose, the following 
procedure was used. The digested DNA fragments in the gels 
were denatured in 0.5 M NaOH and 1.5 M NaCl for 1 h, 
neutralized in 3 M NaCl and 1 M Tris.HCl (pH 5.5), for 1 h, 
and then transferred to the nitrocellulose filters (Schleicher 
and Schuell, Keene, NH) by Southern blotting. The filters 
were baked under vacuum at 80"C for 2 h. The prehybridization 
was performed at 42'C for 20 h in a solution of 50% deionized 
formamide (v/v), 1 M NaCl, 10% dextran sulfate, lOx Denhardt's 
solution, 1% SDS, 0.1% Na pyrophosphate, 50 mM Tris.HCl (pH 
7.5), and 200 iig/ral of sheared, heat-denatured salmon sperm 
DNA. Hybridization was performed overnight at 42'C with ^ P-
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labelled, heat-denatured probes in the same solution without 
NaCl. The filters were washed in 2x SSC (Ix SSC contains 0.15 
M NaCl, 15 mM Na citrate, pH 7.0.) with 0.1% SDS at room 
temperature for 15 min 1 to 3 times, depending on the counts. 
They were then washed in O.lx SSC with 0.1% SDS at 52*C for 
10-30 min 1 to 3 times, also depending on the counts. The 
filters were exposed to Kodak XAR-5 film with Dupont 
intensifying screens at -70*C. 
For hybridization of the GeneScreen Plus nylon membrane, the 
manufacturer's suggested methods were used (NEN Research 
Products, Boston, MA). The high molecular weight DNA 
fragments separated by PFGE were nicked in 0.25 N HCl for 15 
minutes at room temperature, denatured in 0.4 N NaOH-0.6 M 
NaCl for 30 minutes at room temperature, and neutralized in 
1.5 M NaCl-0.5 M Tris.HCl, pH 7.5 for 30 minutes at room 
temperature. The GeneScreen Plus membrane was soaked in 
deionized water and then in lOx SSC for 15 minutes. The DNA 
was transferred to the membrane by the Southern blot 
procedure. After the transfer the membrane was immersed in 
0.4 N NaOH for 60 seconds to ensure complete denaturation of 
the immobilized DNA and then in 0.2 M Tris.HCl, pH 7.5, 2x 
SSC. The membrane with the transferred DNA face up was dried 
on a filter paper at room temperature. 
Prehybridiz ation was performed by treating the membrane in 
10 ml of the following solution: 50% formamide, 1% SDS, 1 M 
I 
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NaCl, and 10% dextran sulfate for 2 hrs at 42"C. One ml of 
the following solution: denatured salmon sperm DNA and 
denatured radioactive probe (1-4 x 10° cpm/ml) was added to 
the bag for continuing hybridization at 42"C for 24 hrs. The 
membrane was washed twice in 2x SSC at room temperature for 5 
minutes, twice in 2x SSC and 1% SDS at 65*C for 30 minutes, 
and twice in O.lx SSC at room temperature for 30 minutes. 
Constant agitation was needed to completely wash off the 
background. If the background was still high, extra washes 
were necessary. The wet membrane was wrapped in plastic wrap 
and exposed to X-ray film at -70"C with an intensifying 
screen. The membrane was never allowed to dry during the 
whole process in order that the previous probes could be 
removed for rehybridization. The probes were removed from the 
membrane by boiling the membrane for 20-30 minutes in a 
solution of O.lx SSC and 1% SDS. The membrane was exposed to 
a film to confirm the probe removal. Extended washes were 
needed for some probes which proved difficult to remove. 
3.3 Results 
3.3.1 Gene mapping usina the conventional Southern blotting 
method 
The pig genomic DNAs of haplotypes a, s, d/ and g were 
digested with restriction enzymes EcoRI, BamHI, Hindlll, 
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PvuII, Bglll, TaqI, Mspl, and Sstl. The fragments were 
hybridized with the labeled probes: pDlA (SLA class I probe), 
pdDQa-16.2 and pdDRa-11.1 (SLA class II probes), and C2, Ba, 
Bb, C4p-a, and C4a-7 (HLA class III probes). An agarose gel 
picture and autoradiograms of different probes are shown 
(Figure 3.4). For all mapping data done by RFLP analysis, it 
is possible that different fragments with similar size may co-
migrate together. Weak hybridization bands may also be 
missed. 
Class I probe hybridization: The hybridization patterns are 
shown in Figure 3.4 (B, C and D). Two autoradiograms (Figure 
3.4 B, C), from different gel runs, are shown for EcoRI 
because the different gels and exposures reveal different 
bands. The five band pattern detected from the EcoRI digests 
of haplotype d (Figure 3.4 B) agrees with Singer's results 
(Singer et al., 1988), however the pattern shown in Figure 3.4 
C reveals seven bands. The possible meaning of this result is 
discussed later. Southern blot patterns from the a, c, â» and 
g haplotypes were analyzed. The results showed that the 
recombinant haplotype g (with the class I region from 
haplotype ç and the class II region from haplotype (|) shared 
the same RFLP patterns with haplotype ç with all enzyme 
digests studied so far, including EcoRI, BamHI, Hindlll, 
PvuII, Bglll, TaqI, and Sstl. Mspl bands were not analyzed 
due to high background. Some bands which were visible on the 
I 
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autoradiograms are either faint or absent in the pictures. 
Totally, 5-10 bands were detected, which may represent 5-10 
class I genes in the SLA complex. The results from Figure 3.4 
are summarized in Table 3.3. It should be noted that certain 
bands, not visible in the photographs in Figure 3.4, were 
visible in the over-exposed autoradiograms, and are shown in 
parentheses in Table 3.3. 
Class II probe hybridization: The autoradiogram of the DQa 
hybridization is shown in Figure 3.4 (E). The results in 
Figure 3.4 (E) are summarized in Table 3.4. The patterns of 
the recombinant haplotype g are the same as those of the 
haplotype d since g is the recombinant haplotype containing 
the class I region of ç and the class II region of d. With 
the SLA class II DQa specific probe, pdDQa-16.2, a single band 
was detected except in the Bglll digest of haplotype ç and the 
Tag I digests of haplotypes c, d, and g. These results 
suggest that one DQa gene is present in the SLA complex. 
The DRa hybridization showed many bands with high 
background. The multiple band pattern may indicate that 
either cross hybridization with other a chain genes occurs or 
more than one DRa gene is located in the SLA complex (data not 
shown). 
Class III probe hybridization: The hybridization patterns 
of the EcoRI digested DNA are shown in Figure 3.4 (F). The 
class III results of EcoRI digestion were comparable to the 
Figure 3.4. Agarose gel electrophoresis and Southern blot 
analysis. Three gels were run and hybridized 
with a class I probe (Figs B, C, and D), one 
gel was run and hybridized with a class II probe 
(Fig. E), and five gels were run and hybridized 
with five class III probes (Figs. F). (A) 0.8% 
agarose gel shows the separated EcoRI digested DNA 
fragments from pig genomic DNA (all 9 lanes). The 
M.W. markers used are a A Hindlll digest. (B) 
autoradiogram of the pDlA hybridization from lanes 
6-9 of the gel shown in (A). The haplotypes of the 
pig DNA and the sizes of the fragments are 
indicated. The size of the fragments was estimated 
from the corresponding gel with the A Hind III 
molecular weight marker. (C) autoradiogram of 
PvuII, Hindlll, BamHIy and EcoRI digested pig DNA 
hybridized with probe pDlA. The order of the 
haplotypes was g, â» S, â for each enzyme. 
(D) autoradiogram of Bglll, TaqI, Mspl, and SstI 
digested pig DNA hybridized with the pDlA probe. 
The order of the haplotypes was a, £, â, g for 
each enzyme. The enzymes used in (C) and (D) are 
abbreviated: P, PvuII, H, Hindlll, B, BamHI, 
E, EcoRI, B, Bglll, T, Tagi, M, Mspl, S, Sstl. 
(E) autoradiogram of the pig genomic DNA 
hybridized with the pdDQo-16.2 probe. The 
enzymes and haplotypes for each lane are 
indicated. (F) autoradiogram of the EcoRI 
digested pig genomic DNA hybridized with the 
class III probes: C2 (from pC201), Ba and Bb 
(from pFB3b), and C4^ -o and C4a-7 (from pAT-F). 
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Table 3.3. Class I hybridization patterns 
with the SLA probe, pDlA (kb) 
EcoRI BamHI 
a c d g a c d g 
20 (20)* - (20) 12 - - -
- - (17) - 9.5 - 9.5 -
14.5 (14.5) — (14.5) - 8.0 — (8.0) 
11 11 11 11 6.0 6.0 6.0 6.0 
- (10) (10) (10) 5.6 - - -
9 — - - 4.8 — — — 
7.3 7.3 - - 4.5 4.5 4.5 
6.8 6.8 6.8 6.8 4.3 4.3 4.3 4.3 
6 - - - - 3.9 3.9 3.9 
- 5.8 - 5.8 3.75 3.75 3.75 3.75 
- 4 - 4 (1.95)(1.95)(1.95)(1.95) 
- — 3.9 -
- 3.75 3.75 3.75 
3.7 - - -
:3.6) - - -
* Bands not seen clearly in photograph, but visible 
in autoradiogram are shown in parentheses. 
Hindlll PvuII 
a c d g  a c d g  
22 — — — (10)* — — — 
17.5 — — — — — (9.4) — 
14 — — - — — (7.5) — 
12 (12) (12) (12) - 7.2 - 7.2 
9 - (9) - - 6.1 - 6.1 
(7.5) (7,5) (7.5) (7.5) 6 - - -
4.8 — 4.8 - - 5.5 - 5.5 
3.75 3.75 3.75 3.75 5.3 5.3 5.3 5.3 
4.7 4.7 
2.3 2.3 2.3 2.3 
* Bands not seen clearly in photograph, but visible 
in autoradiogram are shown in parentheses. 
Table 3.3 continued 
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Bal 11 TaqI 
a c d g a c d g 
4.8 4.8 4.8 4.8 4.8 - 4.8 -
4.6 - 4.6 - - 4.2 - 4.2 
4.4 4.4 4.4 4.4 4.0 - 4.0 -
- 4.1 - 4.1 - 3.8 - 3.8 
3.8 (3.8)* - (3.8) - 3.5 - 3.5 
(3.4) (3.4) (3.4) (3.4) 3.2 3.2 3.2 3.2 
-
- 3.2 - 3.1 3.1 3.1 3.1 
3.0 3.0 3.0 3.0 2.45 (2.45) (2.45) (2.45) 
- 2.73 - 2.73 2.2 - - -
2.6 - - - 1.75 (1.75) (1.75) (1.75) 
- 2.2 - 2.2 1.6 (1.6) (1.6) (1.6) 
2.1 - 2.1 - 1.2 1.2 1.2 1.2 
(1.95) - (1.95) - - (1.15) - (1.15) 
(1.6) 1.6 (1.6) (1.6) 
* Bands not seen clearly in photograph, but visible 
in autoradiogram are shown in parentheses. 
SstI 
a C d g 
7.8 - - -
- 6.8 - 6.8 00 in 
- - -
- 4.0 - 4.0 
3.5 - 3.5 -
3.4 - - -
2.7 2.7 2.7 2.7 
Table 3.4. Class II hybridization patterns with 
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* Bands not seen clearly in photograph, but visible 
in autoradiogram are shown in parentheses. 
159 
hybridization patterns of different enzyme digested DNAs done 
previously in this lab (Lie et al., 1987 and Lie, 1987). 
The results, compiled from work done by Lie (1987), are 
summarized in Table 3.5. These results were used to figure 
out the order of the genes in the class III region. Although 
the class III data were collected by Lie (1987), they were 
never analyzed to ascertain the order of the class III genes. 
Hybridization of the pig genomic DNA with the C2 specific 
probe, pC20l, detected one band with all the enzymes used, 
indicating that there is a single C2 gene in the SLA complex. 
Using the Bf specific probes, Ba and Bb, linkage between C2 
and Bf was shown because both genes are in the same 
restriction fragment. The C2 locus shares a 5.5 kb EcoRI, a 
5.8 kb Hindlll, and a 6.3 kb PvuII fragment with the genes of 
the Ba and Bb subregions. BamHI, Bglll and PvuII digestion 
show probable linkage between the Ba and Bb loci because Ba 
shares a 2.7 kb BamHI, a 3.5 kb Bglll, and a 6.3 kb PvuII 
fragment with the genes of the Bb subregion. The 5.0 kb BamHI 
fragment shown on the Bb hybridization probably represents a 
partial digestion because the Bb gene is only 1.7 kb and 
therefore could not give a simultaneous signal on all the 
three BamHI bands: 5.0 kb, 2.7 kb, and 2.3 kb. 
Hybridization of TagI and Mspl digests with the Ba and Bb 
probes, showed polymorphism in haplotype g. The pattern of 
the g haplotype was the same as that of the â haplotype. The 
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segregation of the class III genes occurred with the class II 
genes, but not with the class I genes in the recombinant 
haplotype g. This implies that the class III genes are linked 
to the class II genes in the SLA complex. 
Using the C4 specific probes, CAfi-a and CAa-^ , no linkage 
between C4 and Bf-C2 could be detected since they did not 
share bands. Probable linkage between C4f, C4a, and 04? was 
discovered by using the C4/9-a and the C4a-7 probes. C4fi-a 
shared the same 12 kb EcoRI, 4.8 kb BamHI, 23 kb Hindlll, and 
20 kb Bglll bands with C4a-7. Although both C4/3-a and C4a-i 
probes hybridized to a 4.8 kb BamHI fragment (3.7 kb, 2.0 kb, 
and 1.8 kb BamHI bands were also detected by C4fi-a; 1.7 kb and 
0.8 kb BamHI bands were detected by C4a-i), it is possible 
that only the a gene is on the 4.8 kb fragment. The fi-a-f 
cluster of C4 is probably located on a 12 kb EcoRI, 23 kb 
Hindlll, and 20 kb Bglll fragment. 
The SLA haplotype g is derived from a recombination event 
that took place between the class I and class II regions. By 
using PvuII with the C4/9-o probe, RFLP analysis shows that the 
g recombinant haplotype is identical to the pattern of the à 
haplotype, but different from that of the s haplotype. This 
indicates that C4 is segregating with the class II genes in 
the g recombinant haplotype. Although the C4 probe revealed a 
single 12 kb EcoRI band, a single 23 kb Hindlll band and a 
single 20 kb Bglll band, more than one band showed up on 
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Table 3.5. Class III hybridization patterns with HLA probes 
(kb): pC201 (C2), pFB3b (Bf: Ba and Bb), and 
pAT-F (C4: C4/9-a and C4 a-7). Only results for 
EcoRI are shown photographically (Figure 3.4F). 
Results from other enzyme digestions were obtained 
from Lie (1987). Weak hybridization bands are 
shown in parentheses. 
C2 
EcoRI BamHI 
a c d a c d 
5.5 5.5 5.5 1.2 1.2 1.2 
Hindlll PvuII 
a c d a c d 
5.8 5.8 5.8 6.3 6.3 6.3 
(1.9) (1.9) (1.9) 
Balll Taal 
a c d a c d 
3.7 3.7 3.7 1.4 1.4 1.4 
Ba 
EcoRI 
a c d 
5. 5 5.5 5. 5 
Hindlll 
a c d 
5. 8 5.8 5. 8 
Bqlll 
a c d 
3. 5 3.5 3. 5 
0. 9 0.9 0. 9 
Mspl 
a c d 
1. 1 1.1 -
0. 9 0.9 0. 9 
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C d g 
— 1.7 1.7 
1.4 1.4 1.4 
1.1 - -
0.6 - -




a C d a c d 
5.5 5.5 5.5 5.0 5.0 5.0 







a G d a c d 
5.8 5.8 5.8 6.3 6.3 6.3 
3.7 3.7 3.7 0.9 0.9 0.9 





a c d a G d g 
4.4 4.4 4.4 1.5 1.5 1.5 1. 5 
3.5 3.5 3.5 1.3 1.3 1.3 1. 3 
1.1 1.1 1.1 1. 1 
fîspl 1.0 1.0 - -
a c d g 
1.1 1.1 — — 
0.9 0.9 0.9 0.9 
0.6 0.6 0.6 0.6 
C4f-a 
EcoRI BamHI 
a G d a c d 
12 12 12 4.8 4.8 4.8 
3.7 3.7 3.7 
2.1 - -
- 2.0 2.0 
1.8 1.8 1.8 
HindIII PvuII 












(2.8) (2.8) (2.8) (2.8) 
(1.7) (1.7) (1.7) (1.7) 
1.5 1.5 1.5 1.5 
- 1.4 - -
1.3 - 1.3 1.3 
1.1 - - -
- 1.0 1.0 1.0 
0.8 0.8 0.8 0.8 
0.7 0.7 0.7 0.7 
- 0.6 0.6 0.6 
0.5 — — -
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Table 3.5 continued 
CAa-i 
EcoRI BamHI 
a c d a c d 
12 12 12 4.8 4.8 4.8 
1.7 1.7 1.7 
0.8 0.8 0.8 
BinSliï PVUII 
a c d a c d 
23 23 23 2.7 2.7 2.7 
1.9 1.9 1.9 
1.3 1.3 1.3 
0.8 0.8 0.8 
0.6 0.6 0.6 
Bal II SstI 
a c d a c d 
20 20 20 4.2 - -
3.8 3.8 3.8 
2.7 2.7 2.7 
- 1.8 1.8 
1.4 1.4 1.4 
0.8 0.8 0.8 
other enzyme digests. It Is possible that more than one C4 
gene Is located In the SLA complex. Different fragments with 
similar size may also co-migrate together. (This is, of 
course true for all mapping data done by RFLP analysis.) 
The linkage maps are shown in Figure 3.5. This figure 
summarizes the data in Table 3.5, in diagram form. The 
linkage map between C2 and Bf (Ba and Bb) is shown in Figure 
3.5 A. In Figure 3.5 A, TagI and Mspl were not used for 
linkage analysis since both enzymes revealed fragments too 
small to be mapped in order. The Bb probe (1.7 kb. Figure 
3.3) could not simultaneously detect either all three BamHI 
fragments (5.0 kb, 2.7 kb, and 2.3 kb) or the four Hindlll 
fragments (5.8 kb, 3.7 kb, 1.3 kb, and 1.2 kb). It is most 
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logical to suggest that the 5.0 kb BamHI fragment and the 3.7 
kb Hindlll fragment are partial digestion products. The 5.0 
kb BamHI band did not show on the Ba probe hybridization, 
probably because this experiment produced a completely 
digested product. 
The linkage map of the p-a-i cluster of C4 is shown in 
Figure 3.5 B. The C4 fi-a hybridization of BamHI digests are 
based on haplotypes ç and d. Haplotype a showed a 2.1 kb 
fragment instead of the 2.0 kb band in haplotypes g and d. 
Both C4 fi-a and C4 a-"i detected a 4.8 kb BamHI fragment. There 
are two possibilities: only the a exon resides in the 4.8 kb 
BamHI fragment or the whole /9-0-7 complex of the C4 resides in 
the 4.8 kb BamHI fragment. It seems that the a exon resides 
in the 4.8 kb BamHI fragment since other BamHI fragments were 
detected by C4j8-a (3.7 kb, 2.0 kb, and 1.8 kb) and C4a-7 (1.7 
kb and 0.8 kb) probes, indicating that the fi exon and 7 exon 
were both detected. 
The C4 fi-a and the C4 a-7 probes, both derived from a cDNA 
clone, were used for mapping the genomic fragments. The 
length of the introns between the fi, a, and 7 exons in the SLA 
complex is unknown. The /3 part of the C4 fi-a probe hybridized 
to the genomic fragments containing the fi exon and the a part 
of the probe hybridized to the genomic fragments containing 
the a exon. The C4a-7 probe also hybridized to both a and 7 
exons. It is impossible to distinguish whether the two probes 
Figure 3.5. Map of the SLA genes by the conventional Southern 
blotting method. The map is based on Table 3.5. 
The linkage of the different subregions of the SLA 
complex is shown. (A) Map of the C2-Bf subregion. 
(B) Map of the C4 subregion. Fragments obtained 
with each enzyme are illustrated to scale below the 
subregions with which hybridization has been 
demonstrated. Fragments whose order are uncertain 
are indicated by parentheses. Sizes of fragments 
(kb) are shown. Probable partial digests are 
indicated. 
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hybridized to different exons of a single C4 gene or if they 
hybridized to different C4 gene clusters especially when 
restriction enzymes cut between different exons within the C4 
gene cluster. 
By the conventional Southern blotting method, the molecular 
map of the SLA class III genes could be determined. However, 
the conventional method did not show the order of the regions 
in the SLA complex. Therefore, we undertook the PFGE studies 
described in the next sections to determine the order of the 
class I, class II, and class III genes. 
There are three possible orientations in the SLA complex: 
class I-class Il-class III, class Il-class Ill-class I, or 
class Il-class I-class III. Since class II was shown to be 
linked with class III from our conventional Southern blotting 
data, only the first two possibilities are viable. 
3.3.2 Gene mapping usina pulsed field ael electrophoresis 
The EtBr stained gel pictures and standard curves are shown 
in Figure 3.6. Figure 3.6 A shows the uncut genomic DNA from 
pig haplotypes c ,  d,  and 3  (the MW i s  approximately 1  Mb).  
Figure 3.6 B, C, and D shows the pig genomic DNA digested with 
different restriction enzymes; BssHII, Mlul, Sail, Clal, 
NotI, SacII and Sfil. The molecular weight markers, CRV and A 
ladders, are approximately linear so the precision of fragment 
size estimations is uniform throughout the resolved range (20-
I 
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1000 Kb). Standard curves (Figure 3.6 b, c, d) were drawn 
based on the MW markers run on gel  shown in Figure 3 .6  B,  C,  
and D: logarithm MW of the bands vs. migration (cm). 
Migration of each band of the MW markers was measured from the 
gels directly. Sizes of bands revealed on autoradiograms were 
estimated from their corresponding standard curves. 
3 .3 .3  Southern blot analvsis of the pia genomic DNAs 
separated bv PFGE 
Restriction fragments were detected with ®^P-labeled probes 
after Southern transfer to nitrocellulose and nylon membranes. 
Figure 3 .7  (c lass  I) ,  Figure 3 .8  (c lass  III) ,  and Figure 3 .9  
(class II) show the results of the autoradiograms obtained by 
hybridizing filters containing PFGE resolved digests with the 
specific probes. It is difficult to completely digest DNA in 
gel plugs, so often large bands of partially digested DNA show 
up on the autoradiograms. This problem, discussed more fully 
later, has also been found in PFGE mapping by other 
researchers (Dunham et  al . ,  1987,  Muller et  al . ,  1987) .  
The probes and hybridization patterns in PFGE are summarized 
in Table 3.6. Measurements are reproducible to within +/- one 
half step of the X ladder (+/- 20 kb) as described by Lawrance 
et  al .  (1987) .  
The class I probe detected one fragment exclusively in 
BssHII, Mlul, NotI, Sacll, and Sfil digested pig genomic DNA 
Figure 3.6. Pulsed field gel electrophoresis of pig genomic 
DNA. The fragments were separated in a Pulsaphor 
apparatus (Phamacia/LKB) for 42 hours at 170 
volts with 100 second pulses between North/South 
and East/West. (A) Uncut genomic DNA from pigs 
of haplotypes a, S, Ût and g (left to right of 
three preparations). The sizes are larger than 
1 Mb. The molecular weight markers are indicated: 
X (ladders) and CRV (Yeast chromosomal DMAs, 
Saccharomvces cerevisiae. strain YHP80). (B) 
Genomic DNA digested with BssHII, Mlul, and SacII. 
The M.W. markers are A ladders and CRV. The 
haplotypes were a, £, â, and g (left to right) for 
each enzyme digestion. (C) Genomic DNA digested 
with Clal, NotI, and Sfil. The M.W. markers are 
indicated: A and CRV. The haplotypes a* £/ Ût and 
g (left to right) were used for each enzyme 
digest ion.  (D) Genomic DNA digested with Sf i l ,  
SacII, NotI, Mlul, and BssHIl. The M.W. markers 
are A and CRV. The haplotypes for each enzyme 
digestion were s, d, and g (from left to right). 
Enzyme abbreviations are: B, BssHII, M, Mlul, 
N, NotI, Sa, SacII, and Sf, Sfil. The standard 
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Of haplotypes a, c, â» and g. Nitrocellulose was used with 
the results shown in Figure 3.7A. BssHII showed one 195 kb 
band. Hlul showed one 420 kb band except haplotype a with a 
polymorphic 530 kb band, indicating that a is different from 
the other haplotypes. Not I digests detected one 420 kb band 
except haplotype g with a 440 kb band. SacII revealed a smear 
(about 90 kb) and Sfil showed one 85 kb fragment except 
haplotype a showed a 90 kb band and haplotype ç with an extra 
300 kb band. Figure 3.7B shows the results from nylon 
membrane hybridization. The bands could not be defined in 
BssHII, SacII, and Sfil due to high background, however Mlul 
and NotI digests gave good discrete bands and large enough 
fragments to do the mapping. The 420 kb Mlul and 420 kb NotI 
bands confirm the results  from 3.7A,  however the 300 kb Sf i l  
band of  haplotype g  did not  show up in Figure 3.7B.  
The C2 probe detected one 50 kb BssHII fragment (Figure 
3.8). Three Mlul fragments (600, 420 and 190 kb) were 
revealed. Three NotI fragments (600, 420, and 190 kb) were 
detected on haplotypes ç and â with haplotype g showing a 
slightly different pattern (620 kb, 440 kb and 200 kb). Two 
SacII  fragments  of  600 and 75 kb were detected.  Two Sf i l  
fragments (600 and 85 kb) were detected in haplotypes £ and g 
with haplotype â having two bands of 600 kb and 80 kb. It is 
believed that a single C2 gene (about 2.5 kb) is present 
in the SLA complex from conventional Southern blot analysis. 
Figure 3.7. Southern blot analysis with the class I probe. 
The autoradlograms show the hybridization of the 
SLA class I specific probe. The enzymes and 
haplotypes are Indicated. Sizes of the fragments 
(kb), determined from A ladders run simultaneously 
on each gel, are also Indicated. Polymorphic bands 
between haplotypes are Indicated by *. (A) 
Autoradlograms of genomic DNA hybridized with the 
pDlA probe using a nitrocellulose membrane, Nc. 
Each enzyme includes 4 haplotypes as indicated in 
the picture. (B) An autoradlogram of genomic DNA 
hybridized with the pDlA probe using a nylon 
membrane. Each enzyme Includes 3 haplotypes as 
indicated in the picture. 
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Figure 3.8. Southern blot analysis with the class III probes. 
The autoradiograiDS show the hybridization of the 
HLA. class III specific probes. (A) The C2 probe 
derived from pC201. (B) The C4/3-a probe derived 
from pAT-F. (C) The C4a-7 probe derived from 
pAT-F. The enzymes and haplotypes are indicated. 
Sizes in kb, determined from X ladders run 
simultaneously on each gel, are also indicated. 
Polymorphic bands between haplotypes are indicated 
by *. Partial digeation bands are indicated by 
parenthesis. These patterns are from the same 
nylon membrane shown in Fig. 3.7B, which was 
stripped and re-probed. 
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Figure 3.9. Southern blot analysis with the class II probes. 
The autoradiograms show the hybridization of the 
SLA DRo specific probe (pdDRa-11.1) in (A) and 
the DQa specific probe (pdDQa-16.2) in (B). The 
enzymes and haplotypes are indicated. Sizes in kb, 
determined from A ladders run simultaneously on each 
gel, were indicated. These results are from a gel 
run at the same conditions as the gel used for 
Figures 3.7 and 3.8. The same nylon membrane was 
used for both (A) and (B).  
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Results of PFGE hybridization experiments with 
pig genomic DNA. Values are averages of at least 
two independent determinations and are accurate to 
+/- 20 kb. Although the co-migration of 
nonidentical fragments remains a possibility, the 
digestion data are consistent with the identities 
indicated. Probable undigested DNA or partial 
digestion products are in parentheses. Nc, 
nitrocellulose, Ny, nylon membrane, ND, not 
defined. Patterns of different pig haplotypes are 
shown separately. Polymorphic bands between 
haplotypes are indicated by an asterisk. 
Figure Region/Subregion Hybridizing bands (kb) 
BssHII Mlul NotI SacII Sf i l  
3.7A Class I 195 530* 420 90 90* 
(smear) 
Haplotype ç 
Figure Region/Subregion Hybridizing bands (kb) 
BssHII Mlul NotI Sacll Sf i l  
3.7A Nc Class I 195 420 420 90 300* 
(smear) 85 
3.7B Ny Class I ND 420 420 ND ND 
3.8A C2 
Class III  50 (600)  (600)  (600)  (600)  
420 420 75 85 
190 190 
3.8B C4/3-a 
Class III  50 190 190 100 50 
(smear) 75 
3.8C C4a~f 
Class III  25 340 340 195 @ 
190 190 100 80* 
100 100 75 70* 
3.9A DRa 




Class II 100 520 460 290 470 
390 270 100 175 
190 30 75 
@ There is a dark spot (about 200 kb) which is probably 
a background spot. 
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Table 3.6 continued 
Haplotype â 
Figure Region/Subregion 
3.7A Nc Class I 









Class III  
C4o-7 















Hybridizing bands (kb) 
Mlul NPtI Sasll gfil 


















































@ There is a dark spot (larger than 200 kb) which is probably 
a background spot. 
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Table 3.6 continued 
Haplotype g 
Hybridizing bands (kb) Figure Region/Subregion 
BssHII PotI 
3.7A No Class I 195 420 440* 90 85 
(smear) 
3.7B Ny Class I ND 420 440* ND ND 
3.8A C2 
Class III  50 (600)  (620)* (600)  (600)  
420 440* 75 85 
190 200* 
3.83 C4/9-0 
Class III  50-100 190 200* 100 50 
(smear) (smear) 75 
100* 
3.8C C4q-7 
Class III  25 340 340 195 100* 
190 200* 100 70* 
100 100 75 
3.9A DRa 




Class II 100 520 460 290 470 
390 270 100 175 
190 30 75 
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The C2 probe Itself is only 0.4 kb, so it is not be possible 
for the probe to detect more than two large C2-containing 
fragments in enzyme digested DNA. The 600 kb fragment from 
Sfil digests, 600 kb fragment from SacII digests, 600 kb 
fragments from NotI digests, and 600 kb fragments from Mlul 
digests may represent partial digestion products. Linkage 
between the class I and C2 loci was obtained with Mlul and 
NotI since both the class I and the C2 probe hybridized 
independently to a 420 kb Mlul fragment and a 420 kb NotI 
fragment. None of the class II probes hybridized to these 
fragments. These digests allow the orientation of the class I 
and the C2 loci to be determined. The distance between the 
class I and the C2 loci was estimated to be less than 
approximately 420 kb. Close linkage between C2 and Bf was 
obtained by the conventional Southern blotting method 
(mentioned earlier). The order of the C2 and Bf genes 
relative to the class I genes is still uncertain. 
The C4j9-tt probe detected one 50-100 kb smear with BssHII, 
one 190 kb fragment with Mlul except for haplotype g, which 
was a smear (There may be two bands in the smear: 190 kb and 
100 kb). One 190 kb fragment was detected with NotI, except 
that a 200 kb band showed in haplotype g. Two fragments (100 
and 75 kb) with SacII  except  haplotype â  (100 kb and 60 kb),  
and one 50 kb fragment from Sfil were apparent. This probe, 
specific for C4/9-a, hybridized to a 190 kb Mlul, a 190 kb 
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NotI, and a 75 kb SacII fragment, which were the same as those 
detected with the C2 specific probe (Figure 3.8A), indicating 
that both C2 and C4 probably reside in less than 190 kb of 
DMA. 
The C4a-7 probe hybridized to one 25 kb band from the BssHII 
digests, three bands (340, 190, and 100 kb) from the Mlul 
digests, three bands (340, 190, and 100) from the NotI digests 
except in haplotype g (340, 200, and 100 kb), three bands 
(195,  100,  and 75 kb) from SacII  except  in haplotype â  (195,  
100, and 60), and different bands from the Sfil digests (80 
and 70 kb in haplotype c, 80 and 60 kb in haplotype g, 100 
and 70 kb in haplotype g). The genes detected with the C4o-7 
probe share a 190 kb Mlu band, a 190 kb NotI band, a 100 kb 
SacII band, and a 75 kb SacII band with the genes detected 
with the C4a-7 probe. The multiple band pattern could 
possibly represent the three loci (a, p, 7) of a single C4 
gene, but our conventional mapping data showed that the 
distance between a, fi, and 7 of a single C4 gene was much 
smaller (all in a 12 kb fragment) than the size of the bands 
revealed here. Thus, it seems likely that more than one C4 
gene is present in the SLA complex. Conventional Southern 
blotting showed that both C4f-a and C4a-7 detected a single 12 
kb EcoRI, a single 23 kb Hindlll (the C4/9-a probe also 
detected a weak 13 kb band), and a single 20 kb Bglll 
fragment. BamHI and PvuII showed different band patterns 
I 
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between these two probes. The PFGE analysis, however, showed 
more than one band (much larger than the one obtained from 
conventional Southern blot analysis) in some enzyme digestions 
and the differences between the two probes were also detected 
(discussed later) .  
The DRa probe detected one 90 kb band with BssHII, one 390 
kb band with Mlul, one 340 kb band with NotI, three bands 
(290, 195, 100 kb) with SacII, and one 90 kb band with Sfil. 
SacII and NotI show linkage between the C4 and the DRa loci 
since the genes detected with the C4q-7 probe share a 100 kb 
SacII, a 195 kb SacII and a 340 kb NotI fragment with the 
genes detected with the DRa probe. The distance between C4 
and DRa is believed to be less than 340 kb. The class I probe 
did not hybridize to these fragments. The exact number of DRa 
genes is uncertain since cross hybridization between DRa and 
other a chain genes is possible. 
The DQa probe detected one 100 kb band with BssHII, three 
bands (520, 390, 190 kb) with Mlul, two bands (460 and 270 kb) 
with NotI, three bands (290, 100, and 30 kb) with SacII, and 
three bands (470, 175, and 75 kb) with Sfil. The genes 
detected with the DRa probe shared a 390 kb Mlul, a 100 kb 
SacII, a 290 kb SacII band with the genes detected by the DQa 
probe. The linkage between DRa and DQa is still uncertain 
because of possible cross-hybridizations between class II a 
genes. The DRa probe may hybridize to the DQa genes and vice 
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versa. It seems likely that there is at least one DRa and one 
DQa gene in a SacII  fragment (about 290 kb) .  
The reason that Mlul and NotI often give the same size 
fragments is probably due to Cp6 clustering in the genome, 
since both enzymes recognize CpG containing sequences 
(Lawrance et  al . ,  1987) .  
The complete linkage between individual subregions can be 
derived from the fragments illustrated in Table 3.4. The 
autoradiogram patterns with different probes were analyzed and 
the results are shown in Figure 3.10. The restriction enzyme 
fragments are not orientated relative to each other. The 
exact alignment of each enzyme is uncertain. The class I 
probe hybridized to a 420 kb Mlul and a 420 kb Not I fragment 
as did the class III C2 probe. None of the class II probes 
hybridized to these fragments. Thus, linkage of class I to 
class III was shown. C2 and Bf are closely linked together in 
a 10 kb fragment (conventional Southern blot analysis), but 
their position relative to class I and C4 is uncertain. C2 
and C4 are linked in less than 190 kb of DNA since a 190 kb 
Mlul and a 190 kb NotI fragment were detected by both C2 and 
C4 probes. Multiple band patterns revealed by the C4 probes 
probably indicate that more than one C4 gene is present in the 
SLA complex. Linkage of class III and class II genes was 
shown when both the class III C4 (C4a-7) and the class II DRa 
probes hybridized to a 195 kb SacII fragment and a 340 kb NotI 
Figure 3.10. Map of linkage of the SIA complex from PFGE 
studies. Fragments obtained with each enzyme 
are illustrated to scale below the 
regions/subregions with which hybridization has 
been demonstrated. Sizes of fragments are 
indicated. The linkage between C2-Bf and the 
linkage between p-a-t of C4 were obtained from 
the conventional Southern blotting method 
described earlier. Restriction sites are 
not mapped precisely in relation to each other 
unless linkages were discovered by different 
probes. The restriction enzyme fragments are 
not oriented relative to each other. The exact 
alignment of each enzyme map is uncertain. The 
parentheses indicate that the order of the 
fragments is uncertain. The fragments that 
hybridized to the specific probes are 
illustrated with different symbols: black 
circle (class I), open circle (C2), open 
triangle (C4#-a), black triangle (C4a-Tf), 
open square (DRa), and black square (DQa). 
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fragment. The class I probe did not hybridize to these 
fragments. 
The combined data obtained with six different probes suggest 
that the SLA complex spans approximately 2000 kb of DNA. The 
order of the genes is: DQa-DRa-C4-(Bf/C2)-class I. The order 
of the regions in the SLA complex is the same as that in the 
HLA complex: class Il-class Ill-class I. 
3. 4  Discussion 
3.4.1 Mapping the SLA genes bv the conventional Southern 
blotting method 
Singer's group first detected the SLA class I genes by RFLP 
analysis with the pDlA probe (Ehrlich et al., 1987 and Singer 
et al., 1988). It was found that there are five bands 
obtained from the g haplotype with an EcoRI digest (identical 
to the pattern shown in Figure 3.4 B). These five bands 
actually contain seven class I genes designated as follows 
(largest to smallest): pDl in the first band, pD14/pD15 in 
the second band, pD6/pD8 in the third band, pD7 in the fourth 
band, and pD4 in the fifth band (Ehrlich et al., 1987 and 
Singer et al., 1988). However, when we exposed the Southern 
blot for a short time, a different pattern was found (Figure 
3.4 C). Seven, not five, bands were detected. The first one 
corresponds to pDl, the two closely located bands (the 2nd 
! 
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band and the 3rd band) are believed to be pD14 and pD15, the 
4th band seems to be pD6/pD8, the 5th band to be pD7, and 
either the 6th band or the 7th band must be pD4. Singer's 
results show one band in the 6-7th band position corresponding 
to one gene, pD4. The two bands we detect indicate that one 
more class I gene probably exists in the SLA complex of the s| 
haplotype. Thus, the pig â haplotype may contain 8 SLA class 
I genes. The comparison between the patterns seen in the 
overexposed (Figure 3.4B) and underexposed (Figure 3.4C) are 
summarized in Table 3 .7 .  
Table 3.7. Comparison of different class I hybridization 
patterns of EcoRI digested pig haplotype d 
DNA. Bands (kb) are summarized. 
Bands Class I Bands Class I Bands Class I 
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11 pD14 or pD15 
10 pD14 or pD15 
7 .3  pD6/pD8 
6 .8  pD7 
3 .9  pD4 or pDX* 
3.7 pD4 or pDX 
* One more class I gene (pDX) exists in the d haplotype. 
Haplotype a showed more bands (more class I genes) than 
other haplotypes. Recombinant haplotype g showed the same 
RFLP pattern as haplotype o when probed with pDlA, but not d 
since g is derived from the recombination of the class I 
I 
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region from g and the class II region from d* 
There are probably one DQo, one DRa, and multiple DQfi and 
DR^ genes in the SLA class II region based on previous studies 
(reviewed by Warner and Rothschild, 1990). With a SLA class 
II DQa specific cDNA probe, Hirsch et al., (1990) detected a 
single 4.3 Kb band from the BamHI digests of a, £, and â pigs. 
Our analysis confirms their results. By using the DQa 
specific cDNA probe, a single 4.1 kb band was found in BamHI 
digests from c, d, and g pigs. Our DRa RFLP analysis showed 
multiple bands with high background in some enzyme digests. 
This may suggest that either the DRa probe cross-hybridized 
with other class II genes or more than one DRa gene is located 
in the SLA c lass  II  region (data not  shown).  
The recombinant haplotype g in the class II hybridization 
showed the same RFLP patterns as haplotype d, but not c, since 
haplotype g has the class I region from c and the class II 
region from d. 
Lie and co-workers (Lie, 1987 and Lie et al., 1987) were 
able to map class III genes to the SLA complex. However, the 
relative positions of class I, class II, and class III regions 
were uncertain.  Lie  et  al .  (1987)  did f ind that  the c lass  III  
gene cluster is linked to the class II genes. The RFLP 
analysis showed that the recombinant haplotype g (with the 
class I region from s and the class II region from d) shared 
the same class III patterns as those of haplotype a but not 
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haplotype £ (TaqI and Mspl digests of Ba and Bb 
hybridizations, PvuII digests of C4fi-a hybridization). This 
indicates that the class III region segregated with the class 
II region. Thus, there are two possible gene maps: either 
class Il-class Ill-class I, or class Ill-class Il-class I. 
3.4.2. Mapping the SLA genes bv PFGE 
By hybridizing the PFGE separated fragments with the 
different probes, the molecular map of the SLA complex was 
constructed. The order of the regions in the SLA complex is: 
Class Il-class Ill-class I. 
The map order discovered here has evolutionary implications. 
Sequence homology indicates that DQ molecules in the pig are 
analogous to the I-A molecules in the mouse and the DQ 
molecules in the human and that the swine DR molecules in the 
pig are similar to the products of the mouse I-E locus and the 
human DR locus. The class III gene products and the class I 
gene products are also thought to have a common origin with 
those of the mouse and the human. The map order of these loci 
in the SLA complex correlates directly with the map order of 
homologous loci in the mouse and in the human (Chaplin et al., 
1983, Dunham et al., 1987, Hardy et al., 1986, Lawrance et 
al., 1987, Huiler et al., 1987, Stephan et al., 1986). 
During evolution, many important gene features are 
conserved, which include both nucleotide sequences and the 
I 
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relative locations of genes. The class III genes code for 
proteins involved in complement activation as well as many 
other functions such as 21-hydoxylase enzyme activity and 
tumor necrosis factor (TNF). Functions of the class I, II, 
and III proteins are closely related. The HHC class I and 
class II proteins regulate the immune response and cell-cell 
recognition and interaction. The class III proteins also play 
important roles related to immune function. Several functions 
of the class III products have been found. Complement 
components are responsible for mediating inflammatory 
reactions, opsonization of particles and lysis of the cell 
membrane, which can help the organism to eliminate the 
pathogens. It is known that 21-hydroxylase is essential for 
steroid hormone synthesis. The steroid hormones regulate 
metabolism so the body can set up the metabolic level to fit 
special conditions, such as being attacked by foreign 
pathogens. Tumor necrosis factor exerts several antiviral 
activities which are similar to those of interferon 7 (INF—y), 
but apparently work through a separate pathway. It is 
possible that in some cases TNF acts by inducing interleukin-6 
(IL-6) production. IL-6 is a T cell-produced molecule 
required by B cells for a high rate of immunoglobulin 
production (Roitt et al., 1989). It was also discovered that 
TNF can amplify la expression locally in the brain, which may 
be important in initiating a cell-mediated immune response to 
I 
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viral infection (Massa et al., 1987). The demonstration of 
the precise position of the TNFa and -fi genes within the human 
MHC is of major interest because TNF genes are mediators of a 
number of responses that may play a role in autoimmune disease 
(Dunham et al., 1987). It is possible that the relative 
locations of the class I, II, and III loci may allow the 
organism to regulate the coordinated gene expression of all 
three loci so their protein products can act cooperatively in 
the immune response. Although each of the genes in the MHC 
and each of the regions has its own fine regulatory system 
(its specific promoter region), the relative locations of the 
regions could allow a higher level of regulation system which 
would help balance the gene expression of the functionally 
related gene clusters. 
As with other techniques, PFGE analysis has many advantages, 
but also some limitations; Among the limitations are, first, 
the amount of DNA loaded in each well must be estimated by 
mixing equal volumes of cells (approximately 5 x 10® cell/ml) 
and 1% low melting point agarose before lysis. Although the 
solutions were mixed well, it is still possible that the 
number of cells in each plug was not exactly the same, and 
therefore the amount of DNA in each plug would be different. 
Second, restriction enzyme digestion of DNA in plugs has lower 
efficiency than digestion of DNA in solution. Since there was 
no phenol/chloroform extraction after the proteinase K lysis. 
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the proteinase K had to be Inactivated by washing the plugs In 
a solution containing PMSF (a proteinase inhibitor). 
Insufficient washing will cause degradation of restriction 
enzymes by proteinase K. Diffusion speed of the restriction 
enzyme and other ions into the agarose plugs is also an 
Important factor influencing the digestion efficiency. A 
certain percentage of un-digested DNA and sometimes partially 
digested DNA would remain which would appear on the 
autoradiograms, especially if the DNA was over-loaded in some 
plugs. This was one problem frequently encountered in this 
work, as well as in other studies using PF6E (Hardy et al., 
1986 and Dunham et al., 1987). Third, it is possible that two 
co-migrating bands with similar molecular weights, weakly 
cross-hybridizing fragments, nonreactlve fragments internal to 
the complex, or fragments out of range of PFGE will be missed 
in the analysis. Fourth, cross-hybridization between DQa and 
DRa probes may have occurred. The DQa and DRa proteins both 
have al and a2 extracellular domains, a TM domain, and a CYT 
domain. Although al is the variable region Involved in 
antigen recognition, the o2-TM-CYT region is conserved. The 
DQa probe may hybridize to the conserved region of the DRa 
genes and vice versa. There are also many genes in the 
class II region, and the conserved regions in the genes (f2-
TM-CYT) also share certain homologies with the ones in the a 
genes. Finally, the relative locations of the restriction 
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enzyme fragments could only be determined by using double 
digestions. Unfortunately, double digestions usually give 
fragments too small for PFGE, so they have generally not been 
used by other researchers (Lawrance et al., 1987, Hardy et 
al., 1986), and were not used by us to develop a linkage map 
from PFGE data. 
The primary purpose in this research was to determine the 
relative positions of the class I, class II, and class III 
gene clusters in the swine MHC. By using PFGE analysis, it 
was determined that the class III cluster is located between 
the class I and class II clusters in the swine MHC. In 
addition to PFGE, other methods are needed to determine the 
precise genomic organization of loci in this large gene 
complex. These include genetic recombination data, results 
from deletion mutants, construction of cosmid libraries and 
cosmid walking. 
Human MHC genes (HLA) have been mapped by PFGE successfully, 
although similar limitations to those in this study were 
found. Hardy et al. (1986) mapped the HLA class II genes by 
PFGE. Only restriction fragments that were contributory to 
linkage were shown in their results. Restriction sites could 
not be mapped precisely in relation to each other unless 
indicated by double digestion. Only two double digestions 
(SacII X BssHIl and PaeR71 x NotI) were analyzed in 
combination with single digestions: Pvul, Clal, BssHII, SacII, 
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Nael, Sali, PaeR71, NotI, Mlul, and Narl. Double digestions 
usually give small fragments out of the range of PFGE. The 
BssHII enzyme digested DNA incompletely so a larger (625 kb) 
band was revealed instead of the expected 325 kb one. In the 
class II region. Hardy et al. could not determine the relative 
order of DP and DZ subregions nor the order of the a and p 
loci within a subregion. Studies with HLA-deletion mutants 
helped their gene mapping project. Lawrance et al. (1987) 
also mapped HLA genes by PFGE. Although they oriented 
restriction fragments with respect to one another by taking 
advantage of available genetic data and overlapping cosmid 
clones, some uncertainty still remained, such as the position 
of 190 kb NotI, 1050 kb Mlul, 440 kb Mlul, 360 kb Mlul, and 60 
kb Mlul fragments in the class I region. The exact alignment 
of the NotI and Mlul maps was also not determined. Partial 
digestion was also observed (130 kb Mlul, 250 kb Sail, and 270 
kb Sail fragments). Some undetermined bands were also found, 
such as 400 kb Mlul, 250 kb Sail, and 620 kb Sail fragments. 
Dunham et al. (1987) mapped the HLA genes by PFGE in 
combination with cosmid walking. The probable position of the 
DRa gene was mapped in addition to the exact positions of 
other genes. In some cases partial digests were obtained. A 
650 kb partial Pvul digestion band showed on the 
autoradiograms with the TNFo and B/C probes. A 490 kb partial 
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PaeR71 digestion product was revealed on autoradiograms with 
TNFa and B probes. Such fragments were not found on other 
probe hybridizations in Lawrance's results. 
The study of SLA lags behind research on H-2 and HIA. In 
our SLA mapping, neither the complete set of genetic 
recombination data nor the cosmid cloning and deletion mutant 
information are available. The 600 kb Sfil, 600 kb SacII, 600 
kb NotI, and 600 kb Mlul fragments shown on the autoradiogram 
of the C2 probe are believed to be partial digests. Some very 
large fragments (larger than 1000 kb) were also found on the 
autoradiograms, indicating that some uncut genomic DNA 
remained. Linkage of class I and C2 was found. The linkage 
of Bf and C2 was determined by the conventional Southern 
blotting method instead of by PFGE. Their order relative to 
each other is uncertain. The C4 gene was mapped. From our 
data, more than one C4 genes is believed to be present in the 
SLA complex. The linkage between C4 and DRa was revealed but 
the order of the a and p loci within the DR and DQ subregions 
has not been determined. In conclusion, the SLA genes are 
believed to reside in the order: DQ-DR-C4-(Bf/C2)-class I. 
3.4.3. Differences among haplotvpes 
Differences among haplotypes were detected by PFGE analysis. 
Mechanisms of generating these diversities could be the 
following: First, real polymorphisms probably exist among 
I 
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haplotypes, as revealed by different restriction enzymes. 
Second, partial digestions may occur in some haplotypes. For 
example, the extra 300 kb Sfil fragment of haplotype s digests 
shown on the class I probe hybridization (nitrocellulose) 
could be a partial digestion product since this band did not 
show up in the nylon membrane hybridization with the same 
probe. Third, the DNA concentration may also affect the 
mobility. The typical concentration of DNA in each band is 
around 1 /xg/ml. At such concentrations PF6E mobilities are 
virtually concentration independent, but above these 
concentrations a significant retardation with increasing 
concentration is observed. The molecular origins of the 
concentration dependence of PFGE are unknown. It must 
partially result from the local viscosity of the DNA (Cantor 
et al., 1988). Although DNA from a, s, d, and g haplotypes 
were isolated under the same conditions, it may still possible 
that haplotype g was overloaded in some gel plugs. Some 
fragments from haplotype g were retarded and the MW of these 
fragments were larger than the corresponding fragments from 
other haplotypes. It is believed that the following 
polymorphic bands from haplotype g have a good probability of 
being artifacts arising from a higher DNA concentration in 
each band: 440 kb NotI of the class I hybridization, 620 kb 
NotI, 440 kb NotI, and 200 kb NotI of the C2 hybridization, 
200 kb NotI of CAp-a hybridization, and 200 kb of the C4a-7 
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hybridization. Finally, differences less than 5 kb are not 
considered as polymorphic bands since the error range for PFGE 
analysis is larger than 5 kb. 
3.4.4. Conventional Southern blotting vs. PFGE analysis 
Enzymes used for conventional Southern blotting cut 
genomic DNA into small fragments so that only polymorphism 
within or near the gene cluster could be detected by the gene 
specific probes. The conventional Southern blot analysis 
showed that both C4fi-a and C4q-7 detected a single 12 kb EcoRI, 
a single 23 kb Hindlll, and a single 20 kb Bglll fragment. 
BamHI and PvuII showed different multiple band patterns 
between these two probes. The same single band revealed by 
both ap-a and C4a-i/ probes in conventional Southern blotting 
may contain more than one fragment whose sizes are similar. 
If more than one C4 gene exists in the SLA complex, it is 
possible that these C4 genes (probably generated by gene 
duplication) have similar DNA sequences so that some of the 
enzymes may reveal a single band actually containing bands 
from different C4 genes (these fragments may co-migrate 
together) while other enzymes may reveal the differences. The 
PFGE analysis, however, showed more than one band (much larger 
than the bands from conventional Southern blot analysis) in 
some enzyme digestions and differences between the two probes 
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were also shown. Enzymes used for PFGE cut genomic DNA into 
large fragments so that polymorphism within gene clusters and 
outside gene clusters could both be detected. The CAa-n 
hybridization generally detected more bands than did the C4/3-a 
hybridization although both probes revealed the same single 
band (12 kb EcoRI, 23 kb Hindlll, and 20 kb Bglll) in the 
conventional Southern blot analysis. Although weak signals on 
C4fi-a hybridization have escaped our detection, the 
differences between CA/S-a and CAa-n hybridization may reflect 
changes outside of C4 clusters (unknown region) in addition to 
the changes within the C4 gene (in the introns and the p, a, i 
exons). The hypothesized differences (*) outside of the C4 
clusters are illustrated: -* * . 
CAp-ot and CAa-'i could detect different changes so that 
different band patterns might be detected. Enzymes used for 
conventional Southern blot analysis could not detect these 
changes since the fragments are too small. The multiple band 
pattern could possibly represent the three loci (a, fi, i) of a 
single C4 gene, but our conventional mapping data showed that 
the distance between a, /9, and 7 of a single C4 gene was much 
smaller (in a single 12 kb EcoRI, a 23 kb Hindlll, and a 20 
kb Bglll fragment) than the size of the bands revealed here. 
Thus, it seems likely that more than one C4 genes are present 
in the SLA complex. Theoretically, data from the conventional 
Southern blot analysis should agree with the data obtained 
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from the PFGE study. The molecular origin of some of the 
inconsistencies, both in our work and that of others, is still 
uncertain. 
3.4.5. Conclusions and future directions 
The linkage map of the SLA complex from miniature swine was 
determined. This will help us understand more about 
structure-function relationships of the swine MHC and MHC gene 
expression and regulation. 
In addition to the genetic map of the SLA complex obtained 
in this study some fine structures of the map need to be 
determined. First, the order of C2 and Bf could be determined 
by using restriction enzymes which can cut between these two 
loci and produce fragments long enough to link the C2 or Bf 
with the class I and the C4 loci. Also, other genes, such as 
the 21-hydroxylase gene could be mapped to the SLA complex by 
using a PCR amplified probe designed from a swine 21-OH gene 
(Geffrotin et al., 1989). Finally, human TNF gene sequences 
could be used to design a probe for PCR amplification. This 
probe could be used to examine whether or not the SLA complex 
contains the TNF genes. Likewise, mapping of heat shock genes 
to the SLA complex could be undertaken. 
Our studies were performed on NIH miniature swine. It will 
be interesting to analyze DNA from commercial pigs and from 
the newly introduced Chinese Meishan pigs. The Chinese pigs 
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have disease resistance to some traits and high reproductive 
effciency compared with American pigs. By analyzing the SLA 
gene structure of these pigs, we could confirm the 
relationship between the pig MHC and the phenotypes. 
Improvement of certain traits within breeds could then be 
possible. 
Verbanac and Warner (1981) were the first to report that the 
rate of development of the preimplantation embryo is 
influenced by at least one gene in the H-2 complex (Verbanac 
and Warner, 1981, Goldbard and Warner, 1982, Goldbard et al., 
1982). It was hypothesized that this gene, Ped. 
(preimplantation embryo development), was responsible for 
controlling the rate of embryonic cleavage divisions in 
preimplantation mouse embryos. Two functional Ped gene 
phenotypes, fast and slow, were defined. The Ped gene has 
been mapped to the Q region of the H-2 complex (Warner et al., 
1987a and 1987b) and the Qa-2 antigen is a possible candidate 
of the Ped gene product. It would be interesting to find out 
whether or not the SLA complex contains the Q region and the 
Ped gene. If pig embryo development is controlled by the Ped 
gene, the Ped fast strain will be produced and selected to 
improve pork production since the fast-developing embryos have 
a better survival rate compared to their slow-developing 
littermates. This may also help us understand the human 
embryonic development process and therefore better methods 
I 
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could be developed to treat spontaneous abortion and some 
other disorders related to the rejection of the embryo by the 
mother who has a different HLA type. 
211 
4 BIBLIOGRAPHY 
Andersson, L., C. Lundgerg, L. Rask, B. Gissel-Nielsen, and H. 
Sinonsen. (1987). Analysis of class II genes of the 
chicken MHC (B) by use of human DNA probe. 
Imnunogenetics 26:79-84. 
Auffray, C., and J. Stroninger. (1986). Molecular genetics 
of the human major histocompatibility complex. Adv. 
Hum. Genet. 15:197-247. 
Bacon, L. (1987). Influence of the major histocompatibility 
complex on disease resistance and productivity. Poultry 
Sci. 66:802-811. 
Ballivet, M., P. Nef, R. Stadler, and B. Fulpins. (1983). 
Genomic sequences encoding the a subunit of acetylcholine 
receptor are conserved in evolution. Cold Spring Harbor 
Symp. Quant. Biol. 48:83. 
Behar, G., A. Bernot, Y. Bourlet, F. Guillemot, R. Zoorob, and 
C. Auffray. (1988). Cloning of chicken major 
histocompatibility (B) complex and T cell differentiation 
antigen genes using mammalian DNA probes: Current status. 
Pp. 121-131. In C. M. Warner, M. F. Rothschild, and S. J. 
Lamont, eds. The Molecular Biology of the Major 
Histocompatibility Complex of Domestic Animal Species. 
Iowa State University Press, Ames, Iowa. 
Belt, K. T., M. C. Carroll, and R. R. Porter. (1984). The 
structural basis of the multiple forms of human complement 
C4. Cell 36:907-914. 
Benoist, C. 0., D. J. Mathis, M. R. Kanter, V. E. Williams II, 
and H. 0. McDevitt. (1983). Regions of allelic 
hypervariability in the murine Aa immune response gene. 
Cell 34:169-177. 
Bentley, D. R. and R. R. Porter. (1984). Isolation of cDNA 
clones for human complement component C2. Proc. Natl. 
Acad. Sci. USA 81:1212-1215. 
I 
212 
Biggin, M. D., T. J. Gibson, and 6. F. Ong. (1983). Buffer 
gradient gels and label as an aid to rapid DNA 
sequence determination. Proc. Natl. Acad. Sci. USA 
80:3963-3965. 
Bjorkman, P. J., B. Sapper, B. Samraoui, W. S. Bennett, J. L. 
Strominger, and D. C. Wiley. (1987a). Structure of the 
human class I histocompatibility antigen, HLA-A2. Nature 
329:506-512. 
Bjorkman, P. J., M. A. Saper, B. Samraoui, W. S. Bennett, J. 
L. Strominger, and D. C. Wiley. (1987b). The foreign 
antigen binding site and T cell recognition regions of 
class I histocompatibility antigens. Nature 329:512-518. 
Bloom, S. E., M. E. Delany, D. M. Huscarella, and R. R. 
Dirtert. (1988). Gene expression in chickens aneuploid 
for the HHC-bearing chromosome. Pp. 3-21. In C. M. 
Warner, H. F. Rothschild, and S. J. Lamont, eds. The 
Molecular Biology of the Major Histocompatibility 
Complex of Domestic Animal Species. Iowa State 
University Press, Ames> Iowa. 
Bourlet, Y., G. Behar, F. Guillemot, N. Frechin, A. Billault, 
A-M. Chausse, R. Zoorob, and C. Auffray. (1988). 
Isolation of chicken major histocompatibility complex class 
II (B-L) p chain sequences: Comparison with mammalian 
chains and expression in lymphoid organs. EMBO J. 7:1031 
-1039. 
Briles, W. E., W. H. McGibbon, and M. R. Irwin. (1950). On 
multiple alleles affecting cellular antigens in the 
chicken. Genetics 35:633-652. 
Briles, W. E., C. P. Allen, and T. W. Miller. (1957). The 
blood group system of chickens. I. Heterozygosity in 
closed populations. Genetics 42:631-648. 
Briles, W. E., N. Bumstead, D. L. Ewert, D. G. Gilmour, J. 
Gogusev, K. Hala, C. Koch, B. H. Longenecker, A. W. 
Nordskog, J. R. L. Pink, L. W. Schierman, M. Simonsen, A. 
Toivanen, P. Toivanen, O. Vainio, and G. Wick. (1982). 
Nomenclature for chicken major histocompatibility (B) 
complex. Immunogenetics 15:441-447. 
I 
213 
Brogren, C. H. and S. Blsati. (1980). Comparative molecular 
aspects of the chicken major histocompatibility complex 
coded alloantigens. A two-dimensional electrophoretic study 
of p-2 microglobulin-associated and HLA-DR antigen-like 
molecules of spleen lymphocytes. Pp. 183. In H. Peeters, 
ed. Protides of Biological Fluids. Vol. 28. Pergamon, 
Oxford. 
Brown, J. H., T. Jardetzky, M. A. Saper, B. Samraoui, P. J. 
Bjorkman, and D. C. Wiley. (1988). A hypothetical model 
of the foreign antigen binding site of class II 
histocompatibility molecules. Nature 332:845-850. 
Brown, W. R. A. and A. P. Bird. (1986). Long-range 
restriction mapping of mammalian genomic DNA. Nature 
322:477-481. 
Cantor, C. R., C. L. Smith, and M. K. Mathew. (1988). 
Pulsed-field gel electrophoresis of very large DNA 
molecules. Ann. Rev. Biophys. Chem. 17:287-304. 
Carroll, M. C., T. Belt, A. Palsdottir, and R. R. Porter. 
(1984a). Structure and organization of the C4 genes. 
Philo. Trans. R. Soc. Lond. B 306:379-388. 
Carroll, M. C., R. D. Campbell, D. R. Bently, and R. R. 
Porter. (1984b). A molecular map of the human major 
histocompatibility complex class III region linking 
complement C4, C2, and factor B. Nature 307:237-241. 
Carroll, M. C., R. D. Campell, and R. R. Porter. (1985). 
Mapping of steroid 21-hydroxylase genes adjacent to 
complement component C4 genes in HLA, the major 
histocompatibility complex in man. Proc. Natl. Acad. sci. 
USA 82:521-525. 
Carroll, H. C., P. Katzman, E. M. Alicot, B. H. Koller, D. E. 
Gerrachty, H. T. Orr, J. L. Strominger, and T. Spies. 
(1987). Linkage map of the human major 
histocompatibility complex including tumor necrosis 
factor genes. Proc. Natl. Acad. Sci. USA 84:8535-8539. 
Chaplin, D. D., 0. E. Woods, A. S. Whitehead, G. Goldberger, 
H. R. Colten, and J. G. Seidman. (1983). Molecular map 
of the murine S region. Proc. Natl. Acad. Sci. USA 
80:6947-6951. 
214 
Chardon, P., Cl. Geffrotin, and M. Valman. (1988). Genetic 
organization of the SLA complex. Pp. 63-78. In C. M. 
Warner, M. F. Rothschild, and S. J. Lamont, eds. The 
Molecular Biology of the Major Histocompatibility Complex 
of Domestic Animal Species. Iowa State University Press, 
Ames, Iowa. 
Clarke, L. and J. Carbon. (1976). A colony bank containing 
synthetic ColEl hybrid plasmids representative of the 
entire E. coli genome. Cell 9:91-99. 
Crone, M., J. C. Jensenius, and C. Koch. (1981). Evidence 
for two populations of B-L (la-like) molecules encoded by 
the chicken MHC. Immunogenetics 13:381-389. 
Crone, M. and M. Simonsen. (1987). Avian major 
histocompatibility complex. Pp. 26-41. In A. Toivanen 
and P. Toivanen, eds. Avian Immunology: Basis and 
Practice. Vol.11. CRC Press, Boca Raton, Florida. 
Dausset, J. (1981). The major histocompatibility complex in 
man. Past, present, and future concepts. Science 
213:1469-1474. 
Davis, L. G., M. D. Dibner, and J. F. Battey. (1986). Basic 
methods in molecular biology. Elsevier Science Publishing 
Co., Inc., New York, NY. 
Delany, M. E., R. R. Dietert, and S. E. Bloom. (1988). MHC-
chromosome dosage effects: Evidence for increased 
expression of la glycoprotein and alteration of B cell 
subpopulations in neonatal aneuploid chickens. 
Immunogenetics 27:24-30. 
Dillon, J-A. R., G. S. Bezanson, and K. -H. Yeung. (1985). 
Basic techniques. Pp. 81-83. In J-A. R. Dillon, A. 
Nasim, and E. R. Nestmann, eds. Recombinant DNA 
Methodology. John Wiley & Sons, Inc., New York, NY. 
Dorn, A., B. Durand, C. Marfing, M. Le Meur, C. Benoist, and 
D. Mathis. (1987). Conserved major histocompatibility 
complex class II boxes -X and -Y are transcriptional 
control elements and specifically bind nuclear proteins. 
Proc. Natl. Acad. Sci. 84:6249-6253. 
Dunham, I., C. A. Sargent, J. Trowsdale, and R. D. Campbell. 
(1987). Molecular mapping of the human major 
histocompatibility complex by pulsed-field gel 
electrophoresis. Proc. Natl. Acad. Sci. USA 84:7237-7241. 
I 
215 
Ehrllch, R.y R. Llfshltz, M. D. Pescovltz, S. Rudlkoff, and D. 
S. Singer. (1987). Tissue-specific expression and 
structure of a divergent member of a class I MHC gene 
family. The J. Immunol. 139:593-602. 
Ewert, D. L., D. 6. Gllmour, V. E. Brlles, and M. D. Cooper. 
(1980). Genetics of la-llke alloantlgens In chickens and 
linkage with B major histocompatibility complex. 
Immunogenetlcs 10:169-174. 
Ferguson, M. A. J. and A. F. Williams. (1988). Cell-surface 
anchoring of proteins via glycosylphosphatidylInositol 
structures. Ann. Rev. Blochem. 57:285-320. 
Flgueroa, F. and J. Klein. (1986). The evolution of MHC 
class II genes. Immunol. Today 3:78-81. 
Flanagan, M. R., A. W. Nordskog, and S. J. Lamont. (1984). 
Genetic control of humoral immune response to 
heterologous egg white lysozyme in the chicken. Fed. Proc. 
43:1820. 
Frlschauf, A-M., H. Lehrach, A. Poustka, and N. Murray. 
(1983). Lambda replacement vectors carrying polylinker 
sequences. J. Mol. Biol. 170:827-842. 
Fuller, C. W. (1988). Sequencing double stranded DNA with 
sequenase. Pp. 5. Editorial Comments of U.S. 
Biochemical Co. Vol 14. Cleveland, Ohio. 
Garrett, T. P. J., M. A. Saper, P. J. Bjorkman, J. L. 
Strominger, and D. C. Wiley. (1990). Specificity 
pockets for the side chains of peptide antigens in HLA-
Aw68. Nature 342:692-696. 
Geffrotln, C., C. Popescu, E. Crlbiu, J. Boscher, C. Renard, 
P. Chardon, and M. Vaiman. (1984). Assignment of MHC in 
swine to chromosome 7 by in situ hybridization and 
serological typing. Ann. Genet. 27:213-219. 
Geffrotln, C., P. Chardon, D. F. de Andres-Cara, R. Fell, C. 
Renard, and M. Vaiman. (1989 submitted). The swine 
steroid 21-hydroxylase gene (CYP21): Cloning and mapping 
within the SLA complex. Animal Genetics. 
Goldbard, S. B. and C. M. Warner. (1982). Genes affect the 




Goldbard, S. B., K. H. Verbanac and C. M. Warner. (1982). 
Role of the H-2 complex in preimplantation mouse embryo 
development. Biol. Reprod. 26:591-596. 
Gorer, P. A. (1936a). The detection of antigenic differences 
in mouse erythrocytes by the employment of immune sera. 
Br. J. Exp. Pathol. 17:42-50. 
Gorer, P. A. (1936b). The detection of a hereditary 
antigenic difference in the blood of mice by means of human 
group A serum. J. Genetics 32:17-31. 
Gorer, P. A. (1937). The genetic and antigenic basis of 
tumor transplantation. J. Pathol. Bacterid. 44:691-697. 
Gorer, P. A. (1938). The antigenic basis of tumor 
transplantation. J. Pathol. Bacterid. 47:231-252. 
Gorer, P. A., S. Lyman, and G. D. Snell. (1948). Studies on 
the genetic and antigenic basis of tumor transplantation: 
Linkage between a histocompatibility gene and "fused" in 
mice. Proc. R. Soc. London, Ser. B 135:499-505. 
Gorga, J. C., A. Dong, M. C. Manning, R. W. Woody, W. S. 
Coughey, and J. L. Strominger. (1989). Comparison of 
the secondary structures of human class I and class II 
major histocompatibility complex antigens by Fourier 
transform infrared and circular dichroism spectroscopy. 
Proc. Natl. Acad. Sci. USA 86:2321-2325. 
Goto, R., C. G. Miyada, S. Young, R. B. Wallace, H. Abplanelp, 
S. E. Bloom, W. E. Briles, and M. M. Miller. (1988). 
Isolation of a cDNA clone from the B-G subregion of the 
chicken histocompatibility (B) complex. Immunogenetics 
27:102-109. 
Grant, J. A., B. Sanders, and L. Hood. (1971). Partial amino 
acid sequences of chicken and turkey immunoglobulin light 
chains. Homology with mammalian A chains. Biochemistry 
10:3123-3132. 
Guillemot, F., P. Turmel, D. Charron, N. Douarin, and C. 
Auffray. (1986). Structure, biosynthesis, and 
polymorphism of chicken MHC class II (B-L) antigens and 
associated molecules. The J. Immunol. 137:1251-1257. 
217 
Guillemot, F., A. Billault, O. Pourquie, G. Behar, A-M. 
Chausse, R. Zoorob., G. Kreibich, and C. Auffray. 
(1988). A molecular map of the chicken major 
histocompatibility complex: The class II beta genes are 
closely linked to the class I genes and the nucleolar 
organizer. The EMBO J. 7:2775-2785. 
Hardy, D. A., J. I. Bell, E. O. Long, T. Lindsten, and H. O. 
McDevitt. (1986). Mapping of the class II region of the 
human major histocompatibility complex by pulsed-field 
gel electrophoresis. Nature 323:453-455. 
Herrmann, B. G. and A-M. Frischauf. (1987). Isolation of 
genomic DNA. Pp. 180-183. In S. L. Berger and A. R. 
Kimmel, eds. Guide to Molecular Cloning Techniques. 
Methods in Enzymology. Vol. 152. Academic Press, Inc., 
Orlando, Florida. 
Hirsch, F., D. H. Sachs, K. Gustafsson, K. Pratt, S. Germana, 
and C. LeGuern. (1990). Class II genes of miniature 
swine. III. Characterization of an expressed pig class II 
gene homologous to HLA-DQa. Immunogenetics 31:52-56. 
Hood, L., M. Steinmetz, and B. Malissen. (1983). Genes of 
the major histocompatibility complex of the mouse. Ann. 
Rev. Immunol. 1:529-568. 
Jaffe, W. P. and E. M. McDermid. (1962). Blood group and 
splenomegaly in chicken embryos. Science 137:984. 
Jalkanen, S., M. Jalkanen, K. Granfors, and P. Toivanen. 
(1984). Defect in the generation of light-chain diversity 
in bursectomized chickens. Nature 311:69-71. 
Kappes, D. and J. C. Strominger. (1988). Human class II 
major histocompatibility complex genes and proteins. Ann. 
Rev. Biochem. 57:991-1028. 
Kindt, T. J. and J. D. Capra. (1984). The Antibody Enigma. 
Plenum Press, New York. 
Klein, J. (1986). Natural History of the Major 
Histocompatibility Complex. John Wiley & Sons, New York, 
New York. 
Lai, E., B. W. Birren, S. M. Clark, M. I. Simon, and L. Hood. 




Lament, S. J., c. M. Warner, and A. W. Nordskog. (1987). 
Molecular analysis of the chicken major 
histocompatibility complex gene and gene products. 
Poultry Sci. 66:819-824. 
Larhammar, D., L. Schenning, K. Gustafsson, K. Wilman, L. 
Claesson, L. Rask, and P. L. Peterson. (1982). Complete 
amino acid sequence of an HLA-DR antigen-like p chain as 
predicted from the nucleotide sequence: Similarities with 
immunoglobulins and HLA-A, -B, -C antigens. Proc. Natl. 
Acad. Sci. USA 79:3687-3691. 
Lawrance, S. K., C. L. Smith, R. Srivastava, C. R. Cantor, and 
S. M. Weissman. (1987). Megabase-scale mapping of the 
HLA gene complex by pulsed field gel electrophoresis. 
Science 235:1387-1390. 
Levi-Strauss, M., M. C. Carroll, M. Steinmetz, and T. Meo. 
(1988). A previously undetected MHC gene with an unusual 
periodic structure. Science 240:201-204. 
Lie, W-R. (1987). Analysis and characterization of the swine 
major histocompatibility complex (SLA). Ph.D. thesis. 
Iowa State University, Ames, Iowa. 
Lie, W-R., M. F. Rothschild, and C. M. Warner. (1987). 
Mapping of C2, Bf, and C4 genes to the swine major 
histocompatibility complex (swine leukocyte antigen). J. 
Immunol. 139:3388-3395. 
Longenecker, B. M. and T. R. Mosmann. (1981). Structure and 
properties of the major histocompatibility complex of the 
chicken. Speculations on the advantages and evolution of 
polymorphism. Immunogenetics 13:1-23. 
Low, M. G. (1989). Glycosyl-phosphatidylinositol: a 
versatile anchor for cell surface proteins. FASEB J. 
3:1600-1608. 
Lunney, J. K., M. D. Pescovitz, and D. H. Sachs. (1986). The 
swine major histocompatibility complex: Its structure 
and function. Pp. 1821-1836. In M. E. Tumbleson, ed. 
Swine in Biomedical Research. Plenum Press, New York, 
NY. 
MacCubbin, D. B. and L. W. Schierman. (1986). MHC-restricted 
cytotoxic response of chicken T cells: expression, 




Maizels, N. (1987). Diversity achieved by diverse 
mechanisms: gene conversion in developing B cells of the 
chicken. Cell 48:359-360. 
Malissen, M., T. Hunkapiller, and L. Hood. (1983). 
Nucleotide sequence of a light chain gene of the mouse I-
A subregion:A^. Science 221:750-754. 
Maniatis, T., E. F. Fritsch, and J. Sambrook. (1982). 
Molecular Cloning: A Laboratory manual. Cold Spring 
Harbor Press, Cold Spring Harbor, New York. 
Massa, P. T., A. Schimpl, E. Wecker, and V. ter Meulen. 
(1987). Tumor necrosis factor amplifies measles virus-
mediated la induction on astrocytes. Proc. Natl. Acad. 
Sci. USA 84:7242-7245. 
McConnell, T. J., W. S. Talbot, R. A. Mclndoe, and E. K. 
Wakeland. (1988). The origin of MHC class II gene 
polymorphism within the genus Mus. Nature 332:651-654. 
Mengle-Gaw, L. and H. O. McDevitt. (1985). Genetics and 
expression of murine la antigens. Ann. Rev. Immunol. 
3:367-396. 
Miggiano, V. C., I. Birgen, and J. R. L. Pink. (1974). The 
mixed leukocyte reaction in chickens. Evidence for 
control by the major histocompatibility complex. Eur. J. 
Immunol. 4:397-401. 
Moller, G., ed. (1985). Molecular genetics of class III MHC 
antigens. Immunol. Rev. 87:5-208. 
Morley, B. J. and R. D. Campbell. (1984). Internal 
homologies of the Ba fragment from human complement 
component factor B, a class III antigen. EMBO J. 3:153-
157. 
Muller, U., D. Stephan, P. Philippsen, and M. Steinmetz. 
(1987). Orientation and molecular map position of the 
complement genes in the mouse MHC. EMBO J. 6:369-373. 
Nathenson, S. G., J. Geliebter, G. M. Pfaffenbach, and R. A. 
Zeff. (1986). Murine major histocompatibility complex 
class-I mutants: molecular analysis and structure-
function implications. Ann. Rev. Immunol. 4:471-502. 
Nisonoff, A. (1985). Introduction to molecular immunology. 
Sinauer Associates Inc., Sunderland, MA. 
I 
220 
Old, R. W. and S. B. Primrose. (1985). Principles of Gene 
Manipulation. 3rd ed. Blackwell Scientific 
Publications, Oxford. 
Parker, H. A. and L. W. Schierman. (1983). Suppression of 
humoral immunity in chickens prevents transient paralysis 
caused by a herpes virus. J. Immunol. 130:2000-2001. 
Parker, M. A. and L. W. Schierman. (1987). Evidence for MHC 
gene control of lesion severity in experimental allergic 
encephalomyelitis of chickens. W. T. Weber and D. L. 
Ewert, eds. Avian Immunology II. Alan R. Liss Inc., New 
York, New York. 
Pazderka, F., B. M. Longenecker, 6. R. J. Law, and R. F. Ruth. 
(1975). The major histocompatibility complex of the 
chicken. Immunogenetics 2:101-130. 
Pennington, L. R., J. K. Lunney, and D. H. Sachs. (1981). 
Transplantation in miniature swine. VIII. Recombination 
within the MHC of miniature swine. Transplantation 
31:66-71. 
Pink, J. R. L., and A. M. Rijnbeek. (1983). Monoclonal 
antibodies against chicken lymphocyte surface antigens. 
Hybridoma 2:287-296. 
Pink, J. R. L., W. Droege, K. Hala, V. C. Miggiano, and A. 
Ziegler. (1977). A three-locus model for the chicken 
major histocompatibility complex. Immunogenetics 5:203-
216. 
Pink, J. R. L., M. W. Kieran, A. M. Rijnbeek, and B. M. 
Longenecker. (1985). A monoclonal antibody against 
chicken MHC class I (B-F) antigens. Immunogenetics 
21:293-297. 
Poustka, A., T. M. Pohl, D. P. Barlow, A-M. Frischauf, and H. 
Lehrach. (1987). Construction and use of human chromosome 
jumping libraries from Notl-digested DNA. Nature 325:353 
-355. 
Pratt, K., D. H. Sachs, S. Germana, M. El-Gamil, F. Hirsch, K. 
Gustafsson, and C. LeGuern. (1990). Class II genes 
of miniature swine. II. Molecular identification and 




Pritchard, R. H., and I. B. Holland, eds. (1985). Basic 
cloning techniques. Blackwell Scientific Publications, 
Palo Alto, California. 
Rabin, H., R. Fries, D. Singer, and F. H. Ruddle. (1985). 
Assignment of the porcine major histocompatibility 
complex to chromosome 7 by in situ hybridization. 
Cytogenet. Cell. Genet. 39:206-209. 
Rackwltz, H-R., G. Zehetner, A-M. Frlschauf, and H. Lehrach. 
(1984). Rapid restriction mapping of DNA clones in A phage 
vectors. Gene 30:195-200. 
Reynaud, C-A., V. Anguez, H. Grimai, and J. C. Weill. (1987). 
A hyperconverslon mechanism generates the chicken light 
chain preimmune repertoire. Cell 48:379-388. 
Rlgby, P. W. J., M. Dieckinann, C. Rhodes, and P. Berg. 
(1977). Labelling deoxyribonucleic acid to high specific 
activity in vitro by nick translation with DNA polymerase 
I. J. Mol. Biol. 113:237-251. 
Roitt, I., J. Brostoff, and D. Male. (1989). Immunology. 
Gower Medical Publishing, London, England. 
Rothschild, M. F., W. R. Lie, H. L. Chen, C. M. Warner, and L. 
L. Christian. (1983). Genetic variability at the pig 
SLA complex in U.S. breeds of pigs. Anim. Blood groups 
Biochem. Genet. 14:251-255. 
Sachs, D. H., 6. Leight, J. Cone, S. Schwarz, L. Stuart, and 
S. Rosenberg. (1976). Transplantation in miniature 
swine. I. Fixation of the major histocompatibility 
complex. Transplantation 22:559-567. 
Sachs, D. H., S. Germana, M. El-Gamll, K. Gustafsson, F. 
Hlrsch and K Pratt. (1988). Class II genes in miniature 
swine. I. Class II gene characterization by RFLP and by 
isolation from a genomic library. Immunogenetlcs 28:22-
29. 
Sambrook, J., E. F. Frltsch, and T. Manlatls. (1989). 
Molecular Cloning: A laboratory manual. 2nd edition. 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
New York. 
Sanger, F., S. Nicklen, A. R. Coulson. (1977). DNA 
sequencing with chain-terminating inhibitors. Proc. Natl. 
Acad. Scl. USA 74:5463-5467. 
I 
222 
Sargent, C. A., I. Dunham, J. Trowsdale, and R. D. Campbell. 
(1989). Human major histocompatibility complex contains 
genes for the major heat shock protein HSP70. Proc. Natl. 
Acad. Sci. USA 86:1968-1972. 
Satz, M. L., L-C. Wang, D. S. Singer, and S. Rudikoff. 
(1985). Structure and expression of two porcine genomic 
clones encoding class I MHC antigens. The J. Immunol. 
135:2167-2175. 
Schierman, L. W., and W. M. Collins. (1987). Influence of 
the major histocompatibility complex on tumor regression 
and immunity in chickens. Poultry Sci. 66:812-818. 
Schierman, L. W., and A. W. Nordskog. (1961). Relationship 
of blood type to histocompatibility in chickens. Science 
134:1008-1009. 
Schierman, L. W., D. H. Watanabe, and R. A. McBride. (1977). 
Genetic control of Rous sarcoma regression in chickens: 
Linkage with the major histocompatibility complex. 
Immunogenetics 5:325-332. 
Schwartz, D. C., and C. R. Cantor. (1984). Separation of 
yeast chromosome-sized DNAs by pulsed gradient gel 
electrophoresis. Cell 37:67-75. 
Singer, D. S., R. D. Camerini-Otero, M. L. Satz, B. Osborne, 
D. Sachs, and S. Rudikoff. (1982). Characterization of 
a porcine genomic clone encoding a major 
histocompatibility antigen: Expression in mouse L cells. 
Proc. Natl. Acad. Sci. USA 79:1403-1407. 
Singer, D. S., R. Ehrlich, H. Golding, L. Satz, L. Parent, S. 
Rudikoff. (1988). Structure and expression of class I 
MHC genes in the miniature swine. Pp. 53-62. In C. M. 
Warner, S. J. Lament, and M. F. Rothschild, eds. The 
Molecular Biology of the Major Histocompatibility Complex 
of Domestic Animal Species. Iowa State University Press, 
Ames, Iowa. 
Sittisombut, N. (1988). Two distinct nuclear factors bind 
the conserved regulatory sequences of a rabbit major 
histocompatibility complex class II gene. Molecular and 
Cellular Biology 8:2034-2041. 
Slighton, J. L., E. Blechl, and O. Smithies. (1980). Human 
fetal G7 and A7 globin genes: complete nucleotide sequences 
suggest that DNA can be exchanged between these duplicated 
genes. Cell 21:627-638. 
223 
Smith, C. L., S. R. Klco, and C. R. Cantor. (1988). Pulsed-
field gel electrophoresis and the technology of large DNA 
molecules. Pp. 41-72. In K. Davies, ed. Genome 
Analysis: A Practical Approach. IRL press, Oxford, 
England. 
Southern, E. (1977). Detection of specific sequences among 
DNA fragments separated by gel electrophoresis. J. Mol. 
Biol. 98:503-517. 
Spies, T., C. C. Morton, S. A. Nedospasov, W. Fiers, D. Pious, 
and J. L. Strominger. (1986). Genes for the tumor 
necrosis factor a and b are linked to the human major 
histocompatibility complex. Proc. Natl. Acad. Sci. 
U.S.A. 83:8699-8702. 
Spies, T., G. Blank, M. Bresnakar, J. Sands, and J. L. 
Strominger. (1989). A new cluster of genes within the 
human major histocompatibility complex. Science 243:214-
217. 
Stephan, D., H. Sun, K. Fischer Lindahl, E. Meyers, G. 
Hammerling, L. Hood, and M. Steinmetz. (1986). 
Organization and evolution of D region class I genes in 
the mouse major histocompatibility complex. J. Exp. Med. 
163:1227-1244. 
Stevens, L. (1986). Gene structure and organization in the 
domestic fowl fGallus domesticus). World's Poultry Science 
J. 3:232. 
Sung, A. M. (1989). Isolation and characterization of cDNA 
clones for chicken major histocompatibility complex class 
II molecules. Ph.D. thesis. Iowa State University, 
Ames, Iowa. 
Thompson, C. B., and P. E. Neiman. (1987). Somatic 
diversification of the chicken immunoglobulin light chain 
gene is limited to the rearranged variable gene segment. 
Cell 48:369-378. 
Vaiman, M., C. Renard, P. Lafage, J. Ameteau, and P. Nizza. 
(1970). Evidence for a histocompatibility system in swine 
(SLA). Transplantation 10:155-164. 
Verbanac, K. M., and C. M. Warner. (198r). Role of the major 
histocompatibility complex in the timing of early 
mammalian development. Pp. 467-470. In D. Bullock and 
S. Classer, eds. Cellular and Molecular Aspects of 
Implantation. Plenum Press, New York. 
224 
Viza, D., J. R. Sugar, and R. M. Blnns. (1970). Lymphocyte 
stimulation in pigs. Evidence for the existence of a 
single major histocompatibility locus: PL-A. Nature 
227:949-950. 
Warner, C. M., and M. F. Rothschild. (In press 1990). The 
swine major histocompatibility complex (SLA). In R. 
Srivastava, ed. Current Concepts in Immunogenetics. 
Verlag Chemic Press, Deerfield Beach, Florida. 
Warner, C. M., S. 0. Gollnick, L. Flaherty, and S. B. 
Goldbard. (1987a). Analysis of Qa-2 antigen expression 
by preimplantation mouse embryos: Possible relationship 
to the Ped gene product. Biol. Reprod. 36:611-616. 
Warner, C. M., S. O. Gollnick, and S. B. Goldbard. (1987b). 
Linkage of the Ped gene to the mouse major 
histocompatibility complex (MHC). Biol. Reprod. 36:606-
610. 
Warner, C. M., M. S. Brovmell, and M. A. Ewoldsen. (1988) 
Why aren't embryos immunologically rejected by their 
mother? Biol. Reprod. 38:17-29. 
Warner, C. M., M. F. Rothschild, and S. J. Lament, eds. 
(1988). The Molecular Biology of the Major 
Histocompatibility Complex of Domestic Animal Species. 
Iowa State University Press, Ames, Iowa. 
Warner, C. M., and B. Gerndt, Y. Xu, Y. Bourlet, C. Auffray, 
S. Lamont, and A. Nordskog. (1989). Restriction 
fragment length polymorphism analysis for MHC class II 
genes from inbred chicken lines. Animal Genetics 20:225-
231. 
Weill, J-C., and C-A. Reynaud. (1987). The chicken B cell 
compartment. Science 238:1094-1098. 
Weiss, E. H., A. L. Mellor, L. Golden, K. Fahrner, E. Simpson, 
J. Hurst, and R. A. Flavell. (1983). The structure of a 
mutant H-2 gene suggests that the generation of 
polymorphism in H-2 genes may occur by gene conversion­
like events. Nature 301:671-674. 
Whitehead, A. S., and R. Sackstein. (1985). Molecular 
biology of the human and mouse MHC class III genes: 
Phylogenetic conservation, genetics and regulation of 
expression. Immunol. Rev. 87:185-208. 
225 
Xu, Y., J. Pitcovski, L. Peterson, L. Auffray, Y. Bourlet, B. 
M. Gerndt, A. W. Nordskog, S. J. Lamont, and C. M. 
Warner. (1989). Isolation and characterization of three 





I would like to dedicate this thesis to my loving family: 
Xieqing Xu (H-C. Hsu), my father, Xiaoxia Sun, my mother, 
Yuanyi and Yuanping, my younger brothers. Through their 
encouragement I have completed my goal after my father got his 
Ph.D at Univ. of Iowa almost 40 years ago. A very special 
thanks goes to Ping, for his love and understanding. He gave 
up a lot to provide me a better opportunity to finish. He was 
always there supporting me, editing, photographing, typing, 
and whatever he could to help me get through the days. 
I would like to express my sincere appreciation to my major 
professor. Dr. Carol Warner, for her professional guidance and 
support during my graduate career. Thanks also to Dr. Max 
Rothschild, my co-major professor. Dr. Susan Lament, my 
advisor, and people in the BB department who helped me. 
Finally, I would like to thank the people in the old lab: 
Aree, Wen-Rong, Diane, Nancy S., Nancy H., Vickie, Cathy, 
Jacob, Mike, Terry, Mark, Sandy, Carol, Martha, Melody, Brad, 
Loren, Rob and Dean. Thanks also to the people in the new 
lab: Ping, Aree, Roberta, Marcia, Zhen, Ru, Isa, Houmam, 
Alain, and Tom. A special thanks to Aree, Wen-Rong, Diane, 
Nancy S., Nancy H., Vickie and Roberta who listened to all of 
my problems, Marcia and Roberta for the thesis editing. 
